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INTRODUCTION

The objective of this study is to statically reconstruct a surface
representative of Sea State One based on direct measurement of a single
point. This point measurement was obtained by a specialized piece of
test equipment known as the wave computer. The wave computer by means of
a capacitive probe, laser, screen, and video camera provides the eleva-
tion of the sea surface and a unit normal at a single point of observa-
tion.* This test was conducted at the Naval Ocean Systems Center (NOSC)
Tower abcut a mile off the coast of San Diego on 13 February 1985 under
the direction of personnel from the Naval Weapons Center, China Lake,
Calif.

THE WAVE COMPUTER SYSTEM

In this section only a general overview of the wave computer system
will be offered. A more comprehensive treatment of this subject is
available in Appendix A, which also includes a system circuit sche-
matic. The wave computer system was deployed off the south side of the
NOSC Tower as shown in Figure 1.

Figure 2 is a block diagram of the wave computer system. The eleva-
tion of the sea surface is reported by a capacitive probe subsystem. A
capacitive probe consists of an insulated wire using the seawater as the
outer conductor, thus forming a coaxial cable whose capacitance per unit
length is well defined. This capacitance, which is a function of the
elevation of the sea surface, is then used to time a monostable one-shot.
Thus, the output pulse duration of the one-shot is dependent on the
elevation of the sea surface. These pulses are then integrated over
several hundred cycles resulting in a DC level proportional to the eleva-
tion of the sea surface. The frequency response of the capacitive probe
system is 120 hertz, and resolution down to 0.5 centimeter has been
demonstrated. This elevation signal was labeled the 'Z vector' and is
stored on the instrumentation tape recorder simultaneously with direc-
tional signals.

The directional information is provided by the beam screen subsystem.
This subsystem consists of reflecting a parallel-with-gravity incident
laser beam off the sea surface and observing its point of impact on a
diffuse translucent screen. This observation is performed in real time
at a sampling frequency of 60 hertz by a charge-injection-device (CID)
video camera pointed at the diffuse screen. The composite video signal
is then decoded by the wave computer central processor into x' and y'
beam screen coordinates.

*The NOSC Tower was taken over by the Scripps Institute of Tech-

nology, University of California, San Diego, on 1 November 1986.
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Thus, the wave computer system outputs the three data vectors in
real time x', y', and z', which accurately represent the position and
length of the laser beam reflected path. Moreover, the elevation of the
sea surface is also accurately known.

GEOMETRIC INTERPRETATION OF WAVE COMPUTER OUTPUT

Figure 3 shows the beam screen geometry under analysis. Note that
now we have a secondary coordinate system, that is, x, y, and z, which we
shall refer tn as "geographical coordinates." These geographical coordi-
nates constitute the stationary reference system in which the sea surface
is recorded and later reconstructed. The unit normal to the sea surface
may now be obtained quickly in the geographical coordinate system by
exploiting the first and second laws of reflection. That is, we know
that the reflected and incident rays lie in the same plane and that the
elevation angle of the unit normal is half that of the reflected laser
beam.

With this information we may now write the elevation angle of the
unit normal to the sea surface directly in terms of wave computer output
as in Equation 1:

4(t) = (i/2)tan- 1 •X'(t) 2 +(:)y'(t)] 2]

Moreover, by a considered choice of the geographical coordinates we may
write the azimuthal angle of the unit normal in this coordinate system
as in Equation 2:

e(t) = tan- - i (2)

With this information we may now write the unit normal in the geograph-

ical coordinate system as in Equation 3 (Reference 1):

N(t) = [sin[0(t)lcos[0(t)])i + [sin[*(t)Jsin[O(t)])j

+ cos[ý(t)]k (3)

6
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FIGURE 3. Wave Computer Geometry Under Analysis.
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For the geographical coordinate system "Z" dimension we have the simple
relation in Equation 4:

Z(t) = Z - Z'(t) (4)

where Z is chosen to eliminate zero frequency offset bias. It will be
shown tat the information contained in Equations 3 and 4 completely
characterize the sea surface when observed over adequate periods of time.

The spatial partial derivatives of the sea surface in the x and
y directions become immediately apparent when one considers an alterna-
tive form of the unit normal equation that is given by Equation 5
(Reference 2):

0 N(t) = -(Zx)i - (Zy)j + (1)k (5)

(zx) + (Zy)2 +

By comparing the form of Equation 5 to that of Equation 3 and equating
coefficients of like unit vectors we obtain Equations 6 and 7:

dZ(t) = -tanI((t)]cos[8(t)J = Zx(t) (6)
dx

dZ(t) = - tan[*(t)Jsin[e(t)] = Zy(t) (7)
dy

As we shall see later the Fourier transform of these spatial deriva-
tives will be indispensable in determining the wavelengths of the wave
components.

MATHEMATICAL MODELING OF THE SEA SURFACE

We are now prepared to introduce a three-dimensional model of the
sea surface. However, before we proceed, an outline of the fundamental
assumptions is in order. First, the principle of time invariance of wave
component amplitude, velocity and wavelength has been assumed. Without
this assumption we could be lost in a maze of complexity. Second, the

8



NWC TP 6842

principle of spectral spatial invariance is assumed. That is, if we were
to perform a wave computer measurement at a different location within a
reasonable distance we should obtain the same spectral results upon
applying a Fourier transform. Last, it is also assumed that each indi-
vidual frequency component has associated with it a unique direction,
velocity, and wavelength. With these assumptions put forth we may write
the sea surface equation as a linear superposition of plane waves as
indicated below in Equation 8:

N-1 [n_. .Vt n 8

Z(-,t) C Cnos (r. V t) - 1P (8)

n=O

where

'r Un = xcos(yn) + ysin(yn) = projection on wave axis n

r = a 2-dimensional vector in the xy plane indicating position
t = time, seconds
N = number of wave components considered

C = amplitude coefficient of wave component

U n= it vector in the direction of wave component travel
n

nX = wavelength of wave component, ft

on = angular phase delay of wave component, radians

Yn = angular bearing of wave component propagation axis

Note that the dot product in the argument of the cosine term determines
the projection of the point of observation "r" on the axis of propaga-
tion of the plane wave component under consideration. This operation
is illustrated in Figure 4. If we were to evaluate Equation 8 at ori-
gin, which is the only point we are really observing, we would obtain
Equation 9:

N-1 120-
Z0 (t) = Z(6,t) = C Ccos[ n t n = Cncos(Wnt + 41n)(9)

n=On n=O

where

2nV tn
2 - = angular velocitynn Xn
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Taking the spatial derivatives of our sea surface model and #gain evalua-
ting at origin yields Equations 10 and 11:

N-1
dZ 0(t) 2n ~~ Coos(y)sin I~ t I (10)

dZ (t) -nO (11)

2ndy( in( si ALn nI

*The spatial partial derivatives of our sea surface model in conjunc-.ion
with Equations 6 and 7 suggest a means by which we may determine the
wavelength of our plane wave components. This is, of course, if we can
isolate the individual frequency components in our series model of the
sea surface.

DATA REDUCTION OF WAVE COMPUTER SIGNALS

The wave computer data obtained from the NOSC Tower tests were
stored on a Honeywell IOIC instrumentation tape recorder. The tempo-
rally based analog data was then xed into the HP6942A multiprogramer
where the information was scaled and digitized. Once a complete data
record was obtained, the HP9000 computer read the data from the multipro-
gramer memory banks through the linking HPIB data bus. At this point
the data was then stored on the HP7914 hard disk drive for later opera-
tions. The above operation was supervised by the HP9000 program "SEA
LINK." A diagram of the dpta reduction equipment layout is shown in
Figure 5.

The next software operation involves converting the x'y'z' data
files into angular formatted data files; that is, the structure of *, 8,
Z, in which the first two variables are the unit normal elevation and
azimuthal anles. It should be noted that no information is lost or
gained in this step; only a handier data format is obtained. This opera-
Lion is performed by th' program "ANGLER." We are now pcepared to
address the spectral aspects of the data-reduction process.

o1

-0o•• ~•••• -,•.-•._-t-



NWC TP• 6842

tI

-- - - l bs

____ ___ ii I

Sy, r~'¢','"••Y~'•''• *''I~ r• "'•I' '. • I'' • ,r12 |• •_••"• -



KWC TP 6842

SPECTRAL ANALYSIS OF WAVE COMPUTER SIGNALS

The overall strategy of spectral analysis of the wave computer
signals entails three operations. First, the Fourier transform of the
"Z" vector is performed to provide us with the "C " coefficients of the
sea surface model shown in Equation 8. This alsl provides information
as to which particular frequency components are dominant in the spectrum.
Second, we must determine the direction of propagation of the wave fre-
quency component under consideration. Last, the wavelength associated
with each wave frequency component must be determined, from which the
wave velocity follows.

DETERMINATION OF THE AMPLITUDE SPECTRUM

The amplitude frequency spectrum of the sea surface follows directly
from taking the Fourier transform of the "Z" vector. It has been shown
in Appendix B that the Fourier transform of the "Z" vector results in the
quantity in Equation 12:

, Zo(t) Z0 (t)eJ2nft dt = (P/2)Cksinc[F(f - fw)J (12)

Since in applicaton we are taking the Fast Fourier Transform (FFT) of the
"Z" vector, our spectrum will differ by a proportionality constant equiv-
alent to the quantized magnitude of the differential. Thus, we define
the magnitude of the amplitude spectrum as in Equation 13:*

N -1F{Z°(t)) } 1-2nnk/Np

(kf)l = Ts Z(nTs)e (13)
n=0

Note: Z (kAf) is the equivalent discrete Fourier transform spec-
trum variable 8f Z (t) and should not be confused with it.

13
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[ 0 (kAf) I I(P)( !2) Ck inc(P(k~I - fw))j 2 Pk w) (14)

where

P = temporal length of data record, seconds
N - number of FFT points (power of two)

Ts = temporal sampling interval, seconds
fw = actual frequency of wave component, hertz
Af I/N pTs quantized frequency step of FFT

Assuming our frequency spacing to be of sufficient resolution we my then
neglect the sinc term in that it will tend toward unity. We are left
with the compact relation in Equation 15:

A ~ N C
Zo(kw) (15)

Thus the FFT operation performed on the "Z" vector by the program
"Z SPECTRUM" provides us with the first piece of the puzzle. Referring
to Figures 6(s) through 6(c) we find the amplitude spectrum of the "Z"
vector for samplling windows of 17, 34, and 60 seconds. We have only
shown and used frequency components as far out as 7 hertz. Much beyond
this point the spectrum becomes dominated by noise and unreliable even
though the amplitude is quite minimal. It is interesting to note that
the higher frequency components become less dominant with increasing
temporal record lengths, whereas the lower frequency components seem to
be quite stable. That is, the higher frequency wind wave components tend
to demonstrate a random canceling effect while the lower frequency swell
components appear quite stationary. This effect is also demonstrated in
Figures 7(a) through 7(c) where a blowup of the amplitude spectrum origin
is shown.

DETERMINATION OF WAVE DIRECTION

The direction of the plane wave fronts is of vital importance if the
sea surface is ever to be reconstructed. To determine this parameter we
have elected to discard mathematical rigor in favor of a more intuitive
algorithm. Consider the top view of the beam screen shown in Figure 8.
Note that the spat shown is not the laser spot but instead the imaginary
point of impact of the unit normal to the sea surface. Further, consider

14
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FIGURE 8. Top View of Beam Screen.
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an arbitrary two-dimensional unit vector that may point, in directions
ranging from plus to minus 90 degrees, which we shall refer to as "S~a)",
the direction sense vector. If we study the projection of the unit normal
on the direction sense vector by performing a dot. product operation, we
could examine just how much angular displacement activity occurs along
that direction. Moreover, if we take the Fourier transform of this pro-
jection and then for a fixed freqa*ncy, rotate the direction sense vector
until a maxima is obtained, we wouli then obtain the direction of that
wave component. This operation may be written in mathematical terms as
Equation 16:

IG(f,a), = nf ikt) -(a)e J 2 nftdt (16)

0

where

N(t) = Unit Normal to the sea surface

-S(a) = cos(a)i" + sin(a)- + (O)k, directional test vector (17)

a = bearing of directional test vector (radians)

Expanding the dot product with the aid of Equation 3 we obtain Equa-
tion 18:

P

IG(f,a)= f {sin($)[cos(6)cos(a) + sin(O)sin(a)l}e'J 2nftdt (18)

0
or,

IG(f,a)= f sin[((t)lcos[I(t) - a]e-J2nftdt (19)

0

The direction of the wave is then given by maximizing this integral by
varying a for a fixed value of temporal frequency "9," which may be
written as Equation 20:

P

Y(f) = max sin[#(t)lcos[O(t) -ale j2nftdt (20)
wrt a ffix f 0

@1
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It is conceded that the foregoing derivation is based more in intui-
tion rather than mathematical rigor. However, the development of this
algorithm was based on the observation of numerous directional spectrums.
Note that several directional spectrums were computed in 5-degree direc-
tional steps for all three data record lengths and that multiple peaking
was not observed. That is, for each frequency, a well defined cosine
peak exists. Thus, it is logical to assume that the plane wave front is
coming from the direction of maximum frequency activity. It is however,
important to note that this algorithm is slope, not amplitude, sensitive
in that we are transforming the sine of unit normal elevation angle.
This operation is performed by the program "DIR FFT" that writes the
resulting wave directions to a data file. A printout of wave directions
and frequencies is shown in Table I for a 17-second sampling window. The
principal wave component directions are commensurate with observations
recorded at the NOSC Towei.

DETERMINATION OF THE COMPONENT WAVELENGTHS

Determination of the frequency component wavelengths follows almost
directly from the Fourier transform of the spatial derivatives. It has
been shown in Appendix B that the magnitude of the Fourier transform of
the first spatial derivative with respect to x results in Equation 22:

AaZ (t) -tJ2 ftdt (21)a
Zx(f) L I~ F 3x taT ~ ) Jo[DtT ax

IAx(f), = n ( --k ) ,cos(Y k)sinc(P(kA f - fw)) , (22)"N k

Similarly, the magnitude of the Fourier transform of the first spatial
derivative with respect to y results in Equation 23:

I, y(f), = n [IN sin(yk)si nc( p(k rf - fw))I * (23)

IS The spectrums of both spatial derivatives are computed by the pro-
gram "SPECDERIV."

19
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TABLE 1. Bearings of Frequency Components.

Irequescy, bhrts beeriag, degreme IlAltiV Co0tribUtioa, %

0.000 100.0 0.10
0.059 20.0 2.40
0.117 145.0 1.50
0.176 0.0 1.60
0.234 105.0 0.30
0.293 145.0 1.60
0.352 40.0 1.50
0.410 164.9 2.10
0.469 155.0 1.50
0.527 30.0 1.10
0.586 155.0 1.00
0.645 150.0 1.90
0.703 110.0 2.00
0.762 115.0 1.80
0.000 100.0 0.90
0. $20 90.0 2.70
0.879 100.0 1.80
0.937 160.0 1.30
0.996 150.0 3.40
1.055 90.0 2.10
1.113 5.0 0.80
1.172 20.0 1.30
1.230 115.0 1.70
1.289 45.0 1.30
1.348 130.0 0.60
1.406 135.0 2.40
1.4•5 120.0 0.90
1.523 69.9 2.20
1.582 100.0 2.00
1.641 50.0 1.60
1.699 105.0 0.80
1.758 75.0 2.70
1.816 40.0 2.40
1.875 120.0 1.80
1.934 5.0 1.30
1.992 115.0 1.90
2.051 75.0 2.80
2.109 55.0 1.10
2.168 85.0 3.20
2.227 65.0 2.80
2.255 75.0 2.70
2.344 90.0 2.90
2.402 90.0 4.30
2.461 124.9 2.50
2.520 0.0 2.30
2.578 10.0 0.90
2.637 20.0 0.90
2.695 115.0 1.10
2.754 75.0 2.00
2.812 110.0 1.50
2.871 90.0 2.40
2.930 0.0 1.30
2.988 75.0 1.20
3.047 95.0 2.30
3.105 95.0 0.90
3.164 100.0 0.90

20
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Now if we divide Equation 14 by Equation 23 and solve for the wavelength
we obtain Equation 24:

AA

X(f) = 27rlcos(y)I _ =f 2ni sin(y)j (24)!O~yff)

Equation 24 provides the wavelength for each frequency component in
the spectrum. The results of the above equations have been compared to
known equilibrium wavelengths of gravity waves, that is Equation 25:

L = 22 = (5.12)T2 (feet) (25)
2nr p

where

T = wave period (seconds)
P

The results have been invariably in the correct order of magnitude for
temporal frequencies in excess of 0.117 hertz. Below this frequency the
deflection of the laser beam is less than 0.25 inch, the quantization
step size of the wave computer central processor. Moreover, if the model
adopted is to be regarded as consistent, by Equation 24 the following
identity must bold true:

ty(f)l = tan- Zy(f) (26)
Zx(f)

The angular quantity in Equation 26 was computed and compared to the
iteratively determined wave direction given by Equation 20. For all fre-
quencies below 3 hertz, Equation 26 provided the angular results of
Equation 20 resolved to the first trigonometric quadrant.

With the wavelength known the wave component velocity follows simply
by the relation given in Equation 27:

Vk = f (27)

21
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The operation of determining wave amplitude, wavelength, and velocity is
performed by the program "MAKE MODEL", which writes all relevant wave
model data to a hard disk file for later use. A printout of sea surface
modeling parameters is shown in Table 2 for the case of a 60-second data
record.

RECONSTRUCTION OF THE SEA SURFACE

With all the necessary sea surface model coefficients determined, it
is a simple matter to reconstruct the sea surface. Selecting arbitrarily
a time t = 0, we need only evaluate the series model for all points in a
square spatial coordinate system for as many frequency components as we
wish to consider. This operation is performed by the program "MAKE
WAVES," which also allows the option of writing the sea surface to hard
disk for later retrieval. Graphic display of the stored sea surface may
be performed by the program "VIEW SEA." All software used in this effort
is included in Appendixes C through E. What follows is a presentation
and discussion of several reconstructed sea surfaces of various spatial
areas and data record lengths.

DISCUSSION OF RESULTS

Figures 9(a) through (c) show a reconstruction of 100 square feet of
sea surface based on data record lengths of 17, 34, and 60 seconds,
respectively. These three images demonstrate the wave computer's remark-
able ability to capture and reproduce detailed sea surface microstructure
information. The accuracy and validity of the image definitely increases
with longer data records, as evidenced by the views in Figures 10 and 11.
It should be noted that the photograph in Figure 10 is not of the sea
surface that we measured but rather of the sea early the next morning.
It is, however, rather close based on spotlight observations while the
test was in progress. The images shown in Figure 12(a) through (c) pre-
sent an area of 625 square feet of reconstructed sea surface for various
data record lengths. At this point in the spatial extension it becomes
apparent that something is wrong with the 60-second data record repro-
duction shown in Figure 12(c). That is, there seems to be some peculiar
stepping phenomena occurring along the far east-west axis. It is the
author's opinion that this error is the result of shallow sloped wave
quantization errors becoming apparent.

22
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TABLE 2. Sea Surface Modeling Parameters
(60-Second Record).

Frequency. Amplitude, Ptas., Bearing. Wavelength Wavelength
hertz feet aegree degrees measured, ft theoretical, ft

6.600 2.6"1-63 o160.6 o105.6 5. 16.61 9661199
.619 O .S9X-62 -161.0 *149.0 a 2.219*61 2.391*04
.629 3.971-62 -12.0 *166.0 2.31*01 9.97.*03
.644 2.621-62 -133.4 -170.0 4.161*1 2.69*163
.699 1.14-1ol -170.6 -199.0 3.111.61 1.49-603
.07) 2.991K-1 44.4 -169.0 1.210F62 9.941-02
.6f4 2.611-01 -93.4 -170.0 9.979*11 6.631*62
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7.

(a) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 17 seconds; maximum crest to trough depth is 0.6 foot;
aspect angle is 70 degrees; z axis gain is 6.

404 AY= •70 , : .

(b) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 34 seconds; maximum crest to trough depth is 0.4 foot;
aspect angle is 70 degrees; z axis gain is 6.

(c) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 60 seconds; maximum crest to trough depth is 0.4 foot;
aspect angle is 70 degrees; z axis gain is 6.

FIGURE 9. Reconstructed Sea Surface, 100 Square Feet.
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FIGURE 10. Southeastern View of 8ea 8urface
From NOSC Tower Railing.

25



Ii

NWC TP 6842

FIGURE 11. Southeastern View of Sea Surface
From NOSC Tower.
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01,

(a) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 17 seconds; maximum crest to trough depth is 1.2 feet;
aspect angle is 70 degrees; z axis gain is 8.

(b) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 34 seconds; maximum crest to trough depth is 0.9 foot;
aspect augle is 70 degrees; z axis gain is 8.

(c) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 60 seconds; maximtum crest to trough depth is 1.2 feet;
aspect angle is 70 degrees; z axis gain is 8.

FIGURE 12. Reconstructed Sea Surface, 625 Square Feet.
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Taking this spatial extension to the limit we find roughly an acre
(40,000 square feet) of reconstructed sea surface in Figure 13(a) through
(c). Here the wave computer errors become quite eminent. Unlike the
foregoing images, there is little correlation between wavelengths and wave
directions for various data record lengths. Moreover, the longer wave-
length structure is not commensurate with observations recorded at the
Tower. This suggests that the wave computer has difficulty in measuring
and reproducing longer wavelength information.

There is, however, a quite reasonable explanation for this phe-
nomena. As noted earlier, the first principal frequency component in
the "Z" spectrum shovn in Table 2 occurs at about 0.059 hertz. By the
gravity wave formula this would correspond to a wavelength of 1471 feet
long, which, with an amplitude of 1 foot, yields roughly a maxi-
mum slope of 0.005. If the wave was as much as 2 feet from the beam
screen, this would correspond to a laser beam deflection of 0.24 inch.
The wave computer quantizes the position of the laser spot in steps of
0.28 inch, a characteristic of the 8-bit words used in the X and Y vec-
tors. This introduces devastating quantization errors at frequencies
below 0.117 hertz. This is evidenced by the measured wavelengths diver-
ging from the theoretical wavelengths shown in Table 2. This evidence
is somewhat questionable in that the NOSC Tower is on the edge of the
continenta'. shelf in only 50 feet of water, and contraction and distor-
tion of wavelengths from the basin effect is eminent.

CONCLUDING REMARKS

The wave computer has the potential of providing accurate informa-
tion on the microstructure of the sea surface. However, its ability to
measure and reconstruct long wavelength (low frequency) information is
questionable. It would seem simple enough to increase the word size of
the X and Y vectors from 8 to 10 bits and modify the beam screen for
more precision measurements. This would eliminate problems associated
with hardware inadequacies, but it would not address limitations of the
data reduction algorithm . "lf. That is, this entire plane wave super-
position model may behave much like a Taylor's Series with its own radius
of convergence. Thus, there is a possibility that enhancing the per-
formance of the equipment could result in no additional information.

This is not to say that the information obtained is useless. More
often than not system designers are concerned with microstructure rather
than with long wavelength swells. Moreover, the introduction of swells
into the existing mathematical model would be a comparatively simple
task. The author does not wish to imply that all the necessary work has
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(a) NOSC tower wave computer data 2/13/85; reel +3 footage

1190; 17 seconds; maximum crest to trough depth is 2.4 feet;

aspect angle is 70 degrees; z axis gain is 10.

(b) NOSC tower Oave computer data 2/13/85; reel +3 footage

1190; 34 seconds; maximum crest to trough depth is 2.7 feet;

aspect angle is 70 degrees; z axis gain is 10.

" r

I 4~5P

(c) NOSC tower wave computer data 2/13/85; reel +3 footage

1190; 60 seconds; maximum crest to trough depth is 2.5 feet;

aspect angle is 70 degrees; z axis gain is 10.

FIGURE 13. Reconstructed Sea Surface, 40,000 Square Feet.
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been completed to make this model a reliable standard for a simulation
laboratory. There still remains considerable theoretical analysis, which
involves treating the wave model parameters as random variables to deter-
mine an optimal data record length. Additionally, exhaustive field test-
ing employing parallel redundant imaging of the sea surface is mandatory.
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Appendix A

WAVE CONmpUTE THEORY Or OPERAT0ON

(1) Sync Strip and Threshold Processing Card

(2) Pulse Generation Logic Card

(3) X Vector Logic Card

(4) Y Vector Logic Card

(5) Blanking Interval Disable Card

(6) Dead Pixel Rejection Card

(7) Capacitive Probe Subsystem
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OVERVIEW

The fundamental instrument in this sea-surface measurement
effort is the wave computer system. This system consists of a
video vectoring system and a parallel capacitive probe network.
The video vectoring system is responsbile for determining the
position of the Laser spot from the composite video signal of
the monitoring video camera. The capacitive probe subsystem is
responsible for reporting the vertical elevation of the sea
ri.rface at the point of impact of the laser beam.

(1) SYNC STRIP AND THRESHOLD PROCESSING CARD

Figure A-1 is a circuit schematic of the Sync Strip and
Threshold Processing Card (Card 1) of the wave computer system.
This card is responsible for amplifying the video signal,
detecting the occurrence of the laser spot, and stripping off
the horizontal and vertical sync pulses for reference purposes.
The incoming video signal is buffered by the amplifier shown by
label A. From this point the signal is split, and by label F a
clamping network facilitates the stripping of the horizontal
sync pulses and the integrator shown by label G determines the
location of the vertical sync pulses. These signals are used to
reference the X and Y vector counters, the dead pixel inhibit
counters, and the blanking interval disable circuitry. The
upper path of the composite video signal is then fed into an
amplifier at label B where its amplitude is boosted about four-
fold. At this point the signal is again split with the lower
half being used to establish a dynamic threshold at label C.
When the composite video signal is on a visible portion of the
video line, the network shown by label C performs as a low pass
filter with a corner frequency of 3.2 kHz and a gain of -6 dD.
However, during the blanking interval of the video signal, the
analog switch converts this network into a track-and-hold cir-
cuit, thus holding the last analog level experienced before the
end of the video line. This allows the threshold level to track
changing gray levels in the video background. This threshold
level (THL) is then fed into the comparator shown by label Z
where it is compared to the incoming video signal. A pulse is
then output by this comparator when the threshold is crossed,
which shall be referred to as threshold crossing (THC).

(2) PULSE GENERATION LOGIC CARD

Turning our attention to Figure A-2 we find the Pulse
Generation Logic Card (Card 2). This card is responsible for
generating clock pulses for the X and Y vectors to count and to
inhibit false threshold crossings. The central wave computer
16-MHz reference clock is shown by label A. The clock is then
split and one branch is divided by four as shown by label B to
yield the horizontal count puises (HCP) for the X vector and a
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threshold window. The threshold window prohibits vector locking
during the inte!:val in which the vectors are transient. The
other branch of the split signal is then fed into an elaborate
divide-by-10,500 counter that outputs a 15,238-hertz clock,
which constitutes the vertical count pulses (VCP) for use by
the Y vector. Referring now above label E, the incoming thresh-
old crossing signal (THC) is gated by the threshold inhibit
signal (THIN) that precludes the locking of data vectors in an
area known to be in a blanking interval or dead pixel location.
When a valid threshold crossing is experienced, the D-type
flip-flop is set, which locks the x and Y data vectors in the
adjacent cards. At the same time, a one-shot is fired output-
ting a 25-microsecond interrupt pulse informing external
devices that data has been acquired. Labels F and G indicate
buffers and line drives used to strengthen these signals for
external transport.

(3) X VECTOR LOGIC CARD

Figure A-3 is the X Vector Logic Card (Card 3). This card
is responsible for locking in the correct X or horizontal coor-
dinate of the laser spot when a valid threshold crossing has
been detected. Referring now to label A we find two cascaded
4-bit counters that count the horizontal count pulses (HCPB)
and are reset at the beginning of each video line by the hori-
zontal sync pulse (HSB).* At label B we find two 4-bit latches
that lock in the current value of these counters when a valid
threshold crossing occurs. The output of these latches is then
fed into a D/A converter shown by label C, which converts this
digital X vector into an analog signal that is denoted as x(t).
This analog signal is then split, with one branch going to the
panel meter for calibration purposes and the other being output
to a BNC jack for recording on the instrumentation tape recor-
der. This card ideally updates its output 60 times a second;
however, if no valid threshold crossing occurs, this card will
hold onto the last X coordinav-e it observed.

(4) Y VECTOR LOGIC CARD

Referring to Figure A-4 we find the Y Vector Logic Card
(Card 4). This card operates in the exact same fashion as the X
Vector Logic Card only with different inputs. Instead of count-
ing horizontal count pulses, the Y Vector Card counts vertical
count pulses (VCPB). Also, rather than the counters being reset
at the beginning of each video line, the counters are reset at
the beginninc of each video field by the vertical sync pulse
(VSB). Other than these differences, the operation of these
cards is identical.

* In this appendix, "B" in an abbreviation indicates
buffered.
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(5) BLANKING INTERVAL DISABLE CARD

Figure A-5 is the Blanking Interval Disable Card (Card 5).
This card is responsible for outputting a pulse when the
monitoring video camera is in a blanking interval or scanning
over a dead pixel. The card is divided into two independent
horizontal and vertical channels each of which is responsible
for outputting its corresponding blanking signal. Label A shows
the horizontal sync pulse (HSB), which sets the flip-flop that
enables the counters shown by label C to start counting hori-
zontal count pulses (HCPB) at the beginning of the current
video line. When the counter time runs out, the carry bit is
set, which in turn fires a one-shot that resets the counter
enable flip-flop and also fires an adjacent one-shot. The
latter one-shot outputs a pulse that is denoted as the horizon-
tal blanking disable pulse (HBD). The vertical blanking disable
pulse (VBD) is generated in much the same manner using only
different input signals. These two blanking interval disable
signals are then Oned together to yield the threshold abort
signal (THA), which controls switching of the dynamic threshold
of Card 1. Lastly, dead-pixel coordinates are entered from Card
6 and ORed with the blanking interval signals, which then
provide the threshold inhibit signal (THIN). The THIN signal is
used to inhibit false threshold crossings on Card 2.

(6) DEAD PIXEL REJECTION CARD

Turning our attention to Figure A-6 we find the Dead Pixel
Rejection Card (Card 6). This card is responsible for finding
and indicating the video scanning of a dead pixel. The detec-
tion phase of operation is initialized by the depression of the
Reset Switch shown by label G. When this mode is invoked, the
RAM chip shown by label E is placed in the write mode with the
address lines tied to a surrogate Y vector counter and the data
lines are tied to logical highs. Thus, the hexadecimal quantity
$FF is written into the first page (256 words) of the RAM chip
in one video frame. The dead pixel locations are then mapped by
depressing the Search Switch also shown by label 0. In the
search mode, all threshold crossings in a dark background are
assumed to be dead pixels. The surrogate X and Y vectors shown
by labels B and A are locked into the 8-bit latches shown by
the labels D and C, respectively, when a threshold signal is
sensed. During the next vertical blanking interval, the coor-
dinates of the first encountered dead pixel are written into
memory with the Y vector constituting the address and the X
vector constituting the data element. Thus, this system permits
the mapping of only one dead pixel per video line. Once the
dead pixels have been mapped, the card defaults to the inhibit
mode. In this mode of operation, the Y vector continuously
sweeps the address lines of the RAM chip that outputs the loca-
tion of the dead pixel for that line. When the X vector counts
up to the X coordinate output by the RAM data lines, the
digital comparators shown by label F output a pulse that is
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referred to as the dead pixel inhibit signal (DPIN). The DPIN
signal is then ORed with blanking interval disable signals to
generate the threshold inhibit signal (THIN), which is used to
disable false threshold crossings on Card 1. It should be noted
that if no dead pixels occur on a specific video line, the RAM
chip outputs a hexadecimal $FF that corresponds to somewhere in
the horizontal blanking interval, and thus no comparator output
is possible.

(7) CAPACITIVE PROBE SUBSYSTEM

The Capacitive Probe Subsystem is responsible for reporting
the elevation of the sea surface at the point of contact.
Although five probes were initially deployed, that is, in the
center and on each corner of the beam screen, only the center
probe was used in the data reduction phase. Referring now to
Figure A-7(a) we find a circuit sch-.ematic of a single channel
of the Capacitive Probe Subsystem. Focusing our attention on
label A we find the 1-MHz central capacitive probe reference
clock. This transistor-transistor--logic level (TTL) clock is
then divided down to 10 kHz by the counters shown by label B.
The 10-kHz clock is then boosted to a +15-volt-CMOS logic level
by the comparator shown by label C. At label D we find the core
of the system, a CMOS monostable one-shot whose output pulse
duration is dependent on the capacitance across its terminals
labeled pin numbers 1 and 2. The capacitive probes themselves
constitute coaxial cables using the sea surface for an outer
conductor. Thus, the capacitance perceived at the terminals is
dependent solely on the elevation of the sea surface, which
determines the duration of the output pulse. It should be noted
that the transistor diode network shown by label E is used to
squelch the residual energy trapped in the LC tank circuit
indigenous to the capacitive probe. This is done by shorting
the probe to ground during the first 5 microseconds of the dead
cycle. Referring now to label F we find a four-pole 160-hertz
low-pass filter that performs the role of an integrator of
these one-shot output pulses. The result at label G is then a
buffered DC level directly proportional to the elevation of the

sea surface. This signal is then transported to a simple offset
and scaling operational amplifier (Figure A-7(d)) for calibra-
tion before it is recorded on the instrumentation recorder. In
Figures A-7(b) and A-7(c) the full five-channel capacitive
probe circuit schematic is shown.
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Appendix a

.OURIhR THEORZTICAL PROOFS

(1) Fourier Transform of Sea Surface Elevation

(2) Fourier Transform of Spatial Partial Derivatives
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(1) FOURIER TRANSFORM OF SEA SURFACE ELEVATION

In this section of Appendix B we will derive the Fvurier transform
of the sea surface elevation. All variables used here are defined in the
body of the report. We begin this derivation by direct application of
the Fourier transform to our sea surface model. Thus,

F{Z (t)0 = f Z (t)e jWtdt =

P/2 N-i

fCcos(w nt toe- (B-1)

Expanding the cosine term we obtain,

FZ o(t)} = cos(4(n) f coS(Wt)ejWtdt

n0 C -P/2

P/2
+sin(t a f sin(wt)e'jWtdt] (B-2)

-P/2

Defining the integrals,

P/2

Ii(w) = f cos(wnt)eijWtdt (B-3)

-P/2

and

P/2

I 2 (w) = f sin(wnt)e-jWtdt (B-4)

-P/2
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We may now write,

N-1
F{Z o(t)} =E Cn[cos(*,)ll(W) + 'Un(*d)12(w)1 (B-5)

n-O

Now consider the integral,

P/2 P/2

I, f cos(w -- ej'tdt jWat + e÷ n jJWtdt (B-6)

-P/2 -P/2

P/2 _________ P/2

I(w) M f j[a-Wt -j a t I f e • e [w+wJ t (B-7
-P/2 -P/2 ._--

Now with w 2nf we may further write,

sin[nP(f -f)] sin[nP(f n+f)J
2i(f) = '2n[fn-f] + - 2n[fn-f] (B-8)

By exploiting the definition of the ainc function, that is,

sinc(z) = 1Z (B-9)

we may now write Equation B-8 as,

Ii(f) = sinc[P(f - f)+ sinc[P(f + f)] (B-10)
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In a similar manner it is easily showm that the second defined integral
results in,

I (w sn~t~ -ui d z1 e [Wna'W]t - ej[ WtIdt (B-11)
I 2 (w) = jP sin(wont)e'jWtdt d J'[n -e'[n ] t (Bil

-P/2 -P/2

12 (f) = L sinc[P(f - - n[P(f + f)0 (B-12)2 2j 2ji nc(

If we consider only the sinc terms of Equations B-10 and B-12 that peak
for positive frequencies and substitute them into Equation B-5 we obtain,

N- I
F{Zo (t)} CO sinc[P(fn - f)] cos(In) 2j

n=0

+ L sinc[P(fn - f)] sin(qn) (B-13)

N-1

F[Z Mt) = 2 [-] sinc(P(fn 01 f) COG(*I jsin(*0) (B-14)
u=OII

At this point some critical assumptions must be made to isolate spectral
components. Consider the sinc pulse shown in Figure B-1(a). The spectral
line of a wave component (shown as a vertical arrow) may be anywhere on
the frequency axis. The dots on the frequency axis would be points
tested by our discrete Fourier transform. Note that the point tested in
Figure B-1(a) may also include the sinc weighted contribution of another
spectral line. However, if one considers protracting the period of

observation, we obtain much less interference from adjacent spectral
lines as shown in Figure B-1(b). If we were to extend this period of
observation "P" to an optimal length, all terms except for the tested
point would tend toward zero, as shown in Figure B-l(c).
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SEA SURFACE SPECTRAL LINE

TEST FREQUENCY ADJACENT SPECTRAL LINE

(a) P second observation.
o

/

(b) 5 Po second observation.

TEST FREQUENCY

- v V "X/" v ----- ......... ='-

(c) 5 P second observation.
o

FIGURE B-1. Sea Surface Frequency Spectrum.
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With the assumption of Pa optimal observation period, and evaluating
Equation B-14 at some arbitrary frequency step, say f = fk, all terms in
the series with the exception of the tested point would tend tuvard zero,
leaving us with,

F{Z 0 (0 [PCi]1 Sinc[p(fn - fk) 1cox(qsj) - Jsin(4Isk); (B-15)

ft.

By taking the magnitude of Equation B-15 and assuming Uhat the sinc term
is very close to unity we obtain,

F{Zo(t)}l=i PCk jCk

0 ft = k Ic°S(ik) " jsin(ik)I = k (B-26)

The last step of this process entails the proper weightln& of this 'spec-
tral component. That is, we are not taking a true Fourier integral

transform of this data. Instead, we are approximating this operation
with a discrete Fast Fourier Transform (FFT). Ideally, with all 4tuanti
zation errors aside, this should differ from the Fourier integral trans-
form by the quantized temporal differential, that is,

A~f) PC k/2 NZ °(fk) Ts F{Zo(t) )I I P- p _kC(-7

0 k TPIN -2 k
s ~ k

where

Np = number of points i:. the FFT

Equation B-17 is the final result referenced in the body of the
report.

(2) FOURIER TRANSFORM OF SPATIAL PARTIAL DERIVATIVrS

In this section we will be taking the rourier transform of the first
spatial partial derivative of the sea surface elevation with respect to
"x." We will then extend the results to determine the Fourier transform

of the first spatial partial derivative of the sea surface ,iith respect
to "y." We begin the derivation by differentiating the sea surface model
with respect to "x."
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N-1

Z(-,t) a Cos i (XCOGY + ysiny_ - Vt) - to

Differentiating with respect to "x" and evaluating at origin we obtain,

N-1

8x = aZo(t) = 2nn coS( ) sin(-w t - 41)* (B-19)
axax \X nosn n

n=O

Expanding the temporal sinusoid we obtain,

N-i

2 •s cos(yn) sin(Wnt) CoS(0n) + cos(Wnt) sin(*n) (B-20)
n=0

Applying the Fourier transform to Equation B-20 then results in,

00 N-i

F L Z(t01 27 cr ( C) Cos(Y ) [sin(W t) cos(*i)

- n n-O

+ cos(wrt) sin(*n)] e'JUdt (B-21)

Interchanging the order of integration and summation and temporally
windowing our transform, we obtain,

F x 0~~t } E- (Ka) cos(ya) lc05(*) PCn
n=O nP/2-

P/2 }wt

+ sin((nO) P cos(wnt)e'jWtdt (B-22)
SP-/2

* 2nV

Note: w A n
n
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N-I

F 2n coS(Yn cos(tn)I2(w) 4 si()I, ) (B-23)n ) n 2

Fortur-tely, we have already determined the integrals I (w) and I (w)
earlier in this appendix (Equations B-10 and B-12, rspeclively). Ajain
by considering only positive frequency sensitive sin- functions we may
write Equation B-23 as,

N-1

F1  n PC -kcos(y) sinc[P(f - f)] Isin(i, ) - Jo )I (-24

n=0

On the basis of the earlier opt 1mal observation period argument, we
may evaluate Equation B-24 at a specific frequency, fk' and extract its
magnitude yielding,

Xaot)~ ~k 1cos(Yk)g (B-25)

Again, we must scale this Fourier integral transform by the quantized
differential so that our results will be commensurate with our YET opera-
tion. Thus,

IZ(f ) Lk (B-26)

Azx( F ex~t Ifk I [. k Icos(Yk)I

Equation B-26 is the final form of the spectral component referred to in
the body of the report.

We are now in a position to txtend the results of the Fourier trans-
form to NZ (t)/1x to 3Z (t)/ay. Again, we will begin by differentiating
the sea surface model. 0
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N-I1

Z(r,t) C Cn cos L (xcosy + ysiny - Vnt) (B-27)

n-O

Differentiating with respect to "y" and evaluating at origin yields,

N-1

az(ýI) = t) -2n 5T (C n sin(Y ) sin fV (B-28)
BY BY T nX *U

N-i
8Z0) = 2 ()8n sin(c ) n ) cos(s ) + cos(wnt) sin(*n)] (B-30)

Sn=0

Comparing Equation B-30 with Equation B-20 it becomes clear that the two
differ only by a sin(y_) in place of a cos(yn). Since this sole differ-
ence in form is but a constant that may be pulled out of the Fouriertransform operation, we may conclude that,

IZy(f{. [kpk lsn-Y~ (B-31)

Equation B-31 is the final form referred to in the body of the report.
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Appendix C

FIELD TEST DATA INTERFACING SOFTW1ARE

59



NWC TP 6842

31 Aug 1987 20o2IsSS

ieee eoe*e9*eeoo*o~eeeeoooeo~eoe~oeeoo**eooooeooeeeeooeeooeoooooseoeeeeoeeeeoo
16l0 !C5*e*e*eCoo *4Oeoe.**4oeoo* PROGRAM SEA LINKoeooooeeeeoeoo
1020 ofeeo.e*eeoeoOeeeoeoeooeeoeeo eeeoe eoCoeeoooeeooeeooeeoee
1030 1* THIS .P*OGMM IS RT*t' 1IDLE FOR CONTROLLING THE NP69424 *
1040 1. MULTIPROCRAAMER S" m THN° COMPUTER DATA FROM THE HONEYNELL 0
1650 Is INST.RUMENTATION fv.. RECI 'S CORRECTLY DIGITIZED , SCALED AND *
1660 9. STORED ON DISK FOR LATER N -. P• . *
1670 9 .. e.................ee..eo.•.~. -¢ 'ee**eeeoeoeoeee40ooe400**o0*eO*soseo0

1600 DIM T(S0o0),X(5o6e),Y(s000),Z(369e),D(3006),CardsSt 121,Penc(4)
1090 Con /'Read efoery/ X scale,Ysc&la,Z sc&le
1100 DIM Naas$Cl6],Job0SCSI
1110 Iooooeeeeoe0Ieeeoeeeoe0oeo0oeeeoeeeeee0o0oe0oeeoe0ooeoeo*toee

1120 ioeeeo*ee*eo.e DEFINITION OF PROGRAM VARIABLES *e**000eee*ee
11309
1140 CardsSsI,3e,5,(,,* DEFINE ACTIVE MULTIPROGRAMMER CARDS.
1156 Hpibs323 I MAIN NPID MULTIPROGRAMMER ADDRESS.
1160 Hpibbts323SS I DEFINE 'MEMORY INPUT' SUS-ADDRESS.
1170 Npib_1nte323O9 I INTERRUPT MULTIPROGRAMMER SUB-ADDRESS.
1160 F-sample-e0 I DEFINE MEAN SAMPLE RATE OF PROCESS.
1190 X scaleel..913/20 1 DEFINE 'X' VECTOR 9CHLE FACTOR
1209 Y-scalee2.1213/29S I DEFINE 'Y' VECTOR SCALE FACTOR
1210 Z-scale.S.356z26s6 I DEFINE 'Z' VICTOR SCALE FACTOR
1226 Me;diwuuSuASIC/DATA FILE/" I DEFINE MASS STORAGE MEDIUM
1230 Ie.000000000o000000oe000000000000o00ooooooooeeeeeeooooo~ee
1240 CLEAR Npib I CLEAR HPID BUS
1250 WAIT 5.0
1260 PRINT CHRS(12)
1270 INPUT "SNTER DURATION OF DATA RECORD . (Seconds) ... °T temple
1200 oee*o...........eeoee .eo o
1290 e*#* COMPUTE TIME BASE VECTOR g0-
1306 .e.oe.eeoe...ee0o..o...e.....
1310 N sasplelINT(T_samploeF sample)
1320 FNR Is$ TO N sample*-
1330 T(I)I/F_ sample
1340 NEXT I
1350 INPUT "Nit ENTER when TAPE RECORDER is READY... *,A
1360 CALL Clear caards(NHtbCards6) I CLEAR ACTIVE CIRDS
1370 FOR 1-0 TO 2 1 SET LENGTH OF SAMPLE RECORD
1360 CALL Sizeblock(Hpib,Nsample1,)
1390 NEXT I
:409 CALL Ar. cards(Npib,Card9S) I OnM MEMORY AND A's CARDS
1410 I*.*ooo*o*eooeee**eoe*oeoe
1420 tee. WAIT FOR END OF DATA STREAM *9
1430 eoooeooooeooeoeeeeoe*.eeoo
1440 WAIT 1.25.Tsample
1450 DEEP
1460 DIOSP .. ee. eeoe READING DATA BACK THROUGH SUBS I oo***eeoeo e
1476 FOR It0 TO N sample-I
1406 CALL Read emory(Hplb miIX(0),Y(C).2(e))
1496 NEXT I
1506 DEEP
1510 INPUT *Enter FILE"AME of Data Stream (Omit Extension) ... *#Names
1520 NaaetSNameSt* XYZ"
1530 INPUT *Enter 703 LADEL of Data Stream ... ',Job$
1540 DISP SAYee e. SAVING DATA STREAM ON DISK MEDIUM oeoooeeoe
1550 CALL M.tttl.3(NaeSJebSNediu.SMsamp~eX(o),Y(*),Z(*))

1566 DEEP
1570 DISP 'DATA FILE STORED UNDER FILENAMEi t "Nam*S
lose END

ISI0 !o*ee****...e*ee*e*ee*** SUBROUTINE CLEAR CARDS *oooooe.ooooooeo..oe.e
1610 9e~eeeeoeeeteeeeeoeeoo•ee•eleeo~l•eoe

1620 It THIS SUBROUTINE CLEARS THE MULTIPROGRAMMERf CARDS IN THE *
1636 1& SLOT NUMDERS tPECIFIED BY ' Card*$ '
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1640*
1650 SUN Clear -c•rds(Npb,Cerds*)
1666 OUTPUT HplbI;CC,%Cards$I*T'
1670 SUDEND

,I:: •9 .eoe .... *e...e.......e....ee.ee.o..oeoo.....e.......................o
1790 SU-*...o e...e .., e e.*.**,** e..BROUTINE . ilth ¢e. t.. *.o ee eo .o eeoo e .....

1710 .9 THIS SUBROUTINE ARMS THE INTERRUPT FLAG ON THE SPECIFIED CA•R. 0
1730 9UD Arm cu-ds(Hptb,Cerd99)

1?40 OUTPUT Hptbl"AC,I&C~rdsS&'Tl
1?50 SUDEND

I1 O 0o7e7o:o, o~ o o o SUBROUTINE StZE JLOCK oo eo o ee oo o o e

1790 1* THIS SUBROUTINE DETERMINES THE LENGTH OF THE DATA VICTOR TO *

16e0 ! BEI SAMPLED DY THE MULTIPROGRAMMER MEMORY CARD BEFORE IT €9MSl$ TO 0
1910 It TAKE FURTHER DATA . THE CARD IS SPECIFIED BY ITS SLOT NUMBER GIVEN *
1620 to IN THE VARIABLE " Card no " .1630 9ooee9........e..oooooeooeeeo..eeooeeoeoooeo~eoooe*ooo...ooeoooe~e~eeee.o

1040 $UP Slx:. block<NpibqN savplo.Card no)
3 sam p l SOVAL S(I TIN_ IIRI ))
60 Card noe9sVAL$(INT(2*•ar' no@))

1O?6 OUTPUT Nptbl;NFe&Card noS&*.O,*&N-saapleS&°T*t0oo SUDIND

1:900 0ooe;ooooo~oe UBUTNE :0 PARALLEL ooooeeoooeoo

1920 It THIS SUBROUTINE INVOKES THE PARALLEL NON OF OPERATION OF THE *
1930 9. NULTIPROGRANAER
1940 * O* C.O4.OiiIh00*..O*OCO SAB@OI*SO OOO O@O@@*.OO

1900 SUS Go parallel(Nptb)
1966 OUTPUT HpfbOgCP"
1970 SUDEND19806 +ooo~*eoo****eoo*ooeoo**oO*O***o***00oooo0000*O.eeo*,**eo*ooooe*o0oo*oo

1990 !*.oe* eoO**o SUBROUTINE READ NIMORY oeoeoeo eeeo oeoeeeo

2010 to THIS SUBROUTINE READS A DATA SAMPLE FROM MEMORY AND RETURNS IT C

2620 It IN THE VARIABLE " Dummy " . -
2030 leoeooeae*eoeeoeoe~ooeeoeeooeeoeeoeo

2640 SUI Re•d aOdro(mHpib .9t1 Index,X(*)tY(*),Z(e))
2065 CON /Re•d •meory/ X_scal*Y_¢scale,Z$€cale
2606 FOR J vector-O TO 2
20?0 J vectorgsVAL9(IHT(2oJ_veCtOf))
2086 OUTPUT HpIb Ii;MI&JvecterS&,1T 9 ISSUE MEMORY INPUT COMMAND
2090 ENTER NplbmI;Dusmmy I READ IN DATA WORD.
2106 SELECT J wector
2116 CASE *O
2120 X(Il Indx)sX_scaleeDummy
2130 CASE a1
2140 Y(I tndex)eYsc~lo*Duwmry
2150 CASE -2
2160 Z(I Index)OZ scaleoDummy
2176 END SElECT
2110 NEXT J voctso
2190 DuESND
22e0 **ooeo*eee**eoeoo*eee***oeeeooCC*e*eee*e*.*eee*********eoeo*****e*******

2210 1*********e** .oooeoe SUBROUTIHE WRITEPILE3 o..eO.,,.,**eoeooo
2220 1***********.****************************************** * ... e*****
2230 it THIS SUDROUTINE ACCEPTS THREE DATA VECTORS OF EQUAL LENGTH AND o
2246 1* MRITES THEN TO A DISK STORAGE FILE UNDER THE FILENANE SPECIFIED *
2250 it BY THE USER .
2260 ! o . ****too**o* ,o** eo*e** oo*eoooeo*e******t*o**o
2270 SUP WrttItlt 13(N Jo$eJobMedium$.N_data X<o),Y(),)Z(o))
220e DIN FIll •nsel104f

2296
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2300 Dooeoe6eooooee DEFINITION OF VARIABLE$ eoeoOeoeooo
2310 eooeooeooooooeoo .eo oeeoeoeoeog***9* oo** oo*o*** oo***
2320 HaMwe0 I NANE OF SERIAL FILE CREATED TO RECEIVE DATA
2336 I Jobs I DESCRIPTIVE JOB L4BEL OF CONTAIED IOATA
2346 1 Medtum$ I ABDREBS OF MASS STORAGE MEDIUM
2316 ! Nd% a I- WAIR OP DATA ELENE4TI IN EACH VECTOR

2370 Ieeeee~ooocoocoeeesefq.•sceeEo
23B0 te CREATE MATN FILE FOR STP4C9 o
2290 IeOeOOOOOe.OOOeeeOOOOOOOeO*Ie&OeOO

2400 FPil £fzow(N data-,)
2410 IF Ncdtiw*9- YIVTERNAL- THEN
2420 FtlenuHoieIkNed1.a
2430 ELSE
2440 File naaesedtusS&NS
2450 END IF
2446 CREATE IBAT File naeSFtletsize
2476 *.eo.ooo.o..oeoeeoceoo**ooo*eo@ooo

2480 1 ASSIGN SUFFER IzO PATH TO FILE *
2496 .... oo...ooe~eeoooo**oOooooooeeoo*

2566 ASSIGN #Path I TO Fite nameS

2520 too CORRECTLY SIZE DATA VECTOR *e0
2536 ,o..eooooooeoooeoe.eoooooeeoooeooo

2548 0EDIM X(Ndatal)oY(N data-I),Z(Ndata-1)
2556 Ie•o...oo.o.o..oeoeoo~ee.eeoeeooeo
2546 1oo.oooo STORE JOB LABEL ***ooo**
257 |o~~eoo.......eooooeooo~e~eo. .vo

as*@ OUTPUT OffthI6Job6

2600 6 og*e STORE NUMBER Of ELEMENTS e
2416 Yeooooeooeeooeeooeeoooooeoo.oeoeeo*

2620 OUTPUT RPath IIN data
243 Ieooeoeeo.ee~~e.eoeeeeoeoooeooooooe

2640 Yeo*00oo STORE DATA ARRAY eoooeo.o
24506 eeeo e oooeeee o e ce eeoo o eo
2640 OUTPUT Pashllo(O),Z(*)
2676 .oeoeooeooeooeoeeoooeeeeeoeece~eee

24600 100er CLOSE FILE AND BUFFER eOOER
2690 eeoo ee eeeee oooooeeooooo
2700 ASSIGN OPtsh I TO e
2710 SUDEND
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31 Avg 1967 20s22,4i

1106 0e.eoee.oeeeooeeeeoo. eoe.... PROGRAM . HGI... A.:o e.....*..ee..e...o.. oo.

1026 te...oeeoeeooe.4oeo.e.ooe..o eeoco... cc. e .0ee .ooeooe * *eoo*ooeeo

1030 to THIS PROGRAM CONVERTS THE SI!CMIl2E RAW KYZ WAVE COMPUTER c
1640 90 DATA PILE INTO THE ELEVATIONAL ANGLE AZIMUTHAL ANGAi AND SEA MEIGHT *
15O 1. FORMAl . THIS PORMAT IS DEMOTED DY THE " ANG" FILENAME EXTENSION •1646 900*eeeeoee*eoeeeeeoooeoeeeeee~eoeoe~eeeeeea00eoeeeeeeeeee00*eoeee*oeee

100 DIM X(60O).Y($OSOZ(OOOO)oP9t(OO),th.I(560O
los6 DIM Pil yF6 C162.Pi1. w•g$C16,Job$IO•Md1*Iue6202
1690 P1IO*4ATN(1)
life SAD
1216 oeb.eeeeeoeeoeeeoooooooeoe..eeoeee.oeeeeeeeoeoeeeeeeeeeeeoooeoo

1122 0eeeeeeeeee..eee DEFINITION OF PROGRAM VARIABLES eceeee'oeeoo
1t36 *oeeeeeeeeeeoeeeeeeocoeeeeeee0*eeeoeeoee0eee0eecoe*oeeeeeeeeeeeee
1140 X(o) I tRW X VICTOR OUTPUT PROM HAVE COMPUTER. (Feet)
Is0 e Y(*) I RNW Y VICTOR OUTPUT FROM NOVE COMPUTER. (Feet)
1140 Z(O) S EA SURPACE DISTANCE FROm DEA SCRtEN . (Feet)
1176 1 Phi(*) I SPHERICAL ELEVATIONAt. ANGLE Of WORMAL.(Redians)
11i0 I Theta(e) I SPHERICAL AZIMUTHAL ANGLE IF NORMAL . (Radians)
1190 1 o Hata I MURDER Of DATA POINTS IN DATA VECTONS.
t22 f9 Pile xyZO f FILINAU9 Of SOURCE XY? FORMAT DATA FILE
1210 1 FIle ang$ 9 FILIEAME OF 6OJRCE ANGLE FORMAT DATA PILE
1220 Meddi-sI IASIC'DATA-FtLIe 9 DEPIME MASS STORKAE MEDIUM2220 0oeioec..eeeoceooeoeoeooeooe~le.eoeliel....oeceleoeooooceoleot

1240 PRINT CHNO(12)
Ing INPUT "Enter FILENHME of SOURCE XYZ DATA FILE (Osit EKIension) .. ,Pile

xyze
1260 File aIgORFIle MylL ANG"
1227 FilcxvyzsPI le-mvaO&IKXYz2
12f6 DISP *v'isoetooe.oe RIADINC SOURCE FILE eel*eel••eeoc
122" CALL toAdfil-*(File xyz6,Job8.MNdluu6,N data,X(e)oY(*),Z(*))
123l DIP Oo.eeoeeoCOMPUTING UNIT NORMAL ANGLIS oeooe°
1316 FOR 100 TO Hdata-l

12630 9 COMPUTE NORMAL ELEVATIONAL ANGLE *
1346 0 eeeeeeeeeeeeeoee eeeeoeeeo.ee
1246 9eeeeeeeo~eeeo.0ee~eeoeeeeoeooeeeoeee..013SO Phi(I)oATN(IQI(X(I)-2*Y(I)-2)/Z(i))e2

2376 1** COMPUTE NORMAL AZIMUTHAL ANGLE Ce
12O0 leo*eeoeooee.o.e..oee•e..*eoooeoooee

1390 CALL Quad just(X(I),Y(I),PieDueeY)
140 Tthet ( I u)ummy*Ple
1410 NEXT I
1426 DIOP *.c... SAVING CONVERTED1 DATA FILE *ee.o.
1436 CALL MItatIl 193(PiI AngOJob$,Mediuwe# Hdat&,Phi(*),Theta(*),Z(e))
1446 DEEP
1450 DIOP 'FILE STORED UNDER FILINAMI i "lFf1e ang$
1466 END
1471 90eoeoee~eeeeeoeeo..eoeeeoeee.eoeooeoee.oeeo..e.eoeoeeeeeoeeoooooeeeeeo

1466 *.o......e..eeeeeeeeee.c SUBROUTINE QUADJUST oecoeeee ecoe e*oeoee oe2496 0 0eeeeeee0eo eooee00*..oeeeoee *@eo*oooeeeoeoeeeeo.oeeo*ooeeeeoeeeeooee*e

1500 9e THIS SUBROUTINE COMPUTES THE INVERSt TANGENT Of TWO GIVEN C
1516 9o X AND Y COORDINATES AND RETURNS THE ANGLE CORRECTED TO THE PROPfR c
2526 to QUADRANT
2536 9c0eeee*eeeoe*eeeeeeeeeeeeeeeeeeeeeeeeo~e.eeeo*eceee eeeeeeeeeeo*e*eeeo

2540 SUN Quad Jult(X,Y,Pte.Angle)
25ss IF X()O THEN I COMPUTE BASE ANGLE WRT X AXIS
140 Anleo*RTN(AD6(Y/X))
1576 ELSE
I1,O AnglesP10'2
1596 1ND IF
1l06 If X)-O THIN I QUADRANT COMPENSATED FOR HERE.
26is IF Y)-O THEN
1626 AnglieAngle 9 QUADRANT I HERE
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1i30 ILSE
1646 Anlles2oP1*-Avngle I QUADRANT IV HERE
1650 END IF
16t4 ELSE 1 X(f BELOW 11
1470 IF Y>66 THIN
6l66 An.l.Ptl-Aaiglt I QUADRANT It HERE
1i90 ELSE
1760 AnOIeehngqIoPt& 9 QUADRANT III HERE
1?10 END IF
1720 END IF
17l MUIEND
1740 t 444444 la4 tlaa'.e4 leeoo t.eoe le4 let4*44 tt4* lele4 ttltttl444 t4 ltt*4 t4e4 l
1756 444.44.444.444..4...... SU3ROUTINE READFIL[3 *.44*40444400400*4044*4444
1766 4O4444444444*444.4.4444*4444*4O4***************************************4

177? t* THIS SUBROUTINE READS THREE DATA VICTORS FRON DISK STORAGE OF *
1760 !4 IQUAL LENGTH AND OOTS THEM INTO THE DUMNY VICTORS X(eYC4),Z(e). .

1666S Um R~adfl 943(HamoeJob*,MedturnS.N dataX(*),yCo).ZC))

1610 DIN file hnaa5t4lI
1O26 94*q~tt44444e44t444tee*t**qllOtOt*g~O*4tOee**tl4*t*Oe4ttO444t*t*

1630 9...ooo.ooo.ooo..i,. DEFINITION OF VARIADLES o.ooooooooooo o1046 o444.4444444o4o*oeeoo..o.....e......o#4**4..eo o ..o4o4ogo.o4.4oo4

1050 1 Names I NAME OF SERIAL FILE CREATED TO RECEIVE DATA
IS$$ I Jobs I DESCRIPTIVE JOS LABEL OF CONTAINED DATA
I167 I M1diuell I ADDRESS OF MASS STORAGE MEDIUM
1660 1 N "ida % NUMDER OF DATA ELEMENTS IN EACH VICTOR

1910 ASSIGN BUFFIR 100 PATH TO FILE 0
1926 9o4oo..4o4oooe.o..oo.oo.oooe.o.oo
1930 IF Nodlwue*oSITIfNT AL* THEN
1946 File n"aoSelasam.SLS dlu%
L956 ELSE
1946 file. nasSao meo•ldlui.amS
1976 END IF
1900 ASSIGN OPithI TO File naseS

2l600 9.O...D READ JO LABEL *R•DO.eaR

2620 ENTER *Pathtl;Jobo
2030 eoooooooeeeooee4

2644 If& ENTER NUMBER OF ELEMENTS og4e
2656 940.t.i....ti...tl.l........t..tt.

264O ENTER OPath|11;H dat-

2666 o00 CORRECTLY SIZE DATA VECTOR 0..

2160 RIDIM N(H dta-s),Y(Ndata-t),Z(Ndata-I)
2110 oeeooeoeeooeeoee
2120 too***** READ DATA ARRAY 4.......

2140 INTER OP&thIlX(@).Y(9).Z(*)

2240 9***** CLOSE FILE AND DUFFER o

2166 ASSIGN Ptlh l TO 4
2190 sUBEND

2210 94o4e4444444444o*0oo4o4o SUBROUTIEI W1ITEFILE3 DO4eD44RO4eD4..e.44itS.*

2236 oo THIS SUBROUTINE ACCEPTS THREE DATA VICTORS OF EQUAL LENGTH AND 4
2240 1* WRITES THEM TO A DISK STORAGE FILE UNDER THE FILENAME SPICIFIED .
2250 91 DY THE USER . 4

2270 GUS Wrtti 1e2(Hea.SJ~bSM~ium6,HdataXC4),Y(4),Z(o))
2260 DIM Ftle nlaeg{4O)
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2290 loe~oeoeeeeeoetee~eoooooeeeeeoee
2300 lee.eeeooee ..... DEFINITION OF VARIABLES oee.oeooeeoeeee.
2310 •ooeoeeee~llllioeeooeeeeeoeeeeee

2320 1 HaeS A NAME OF SERIAL FILE CREATED TO RECEIVE DATA
2330 1 Job$ ! DESCRIPTIVE JO LADEL OF CONTAINED DATA
2340 ! mediums IAIDRESS OF MASS STORAGE MEDIUM
2350 ! N data I NUMBER OF DATA ELEMENTS IN EACH VECTOR

2370 I
2300 to CREATE DATA FILE FCR STORAGE to
2390 o
2400 Fite sixewINT(H data/9)
2410 IF m-diumsmsnImTEMAI.L THEN
2420 File-n &eSmHa&eS&MediumS
2430 ELSE
2440 File n&egm& ediumS&Na&es
2450 END IF
2460 CREATE BDAT File naaeS.Filesize

2400 ! ASSIGN BUFFER I/O PATH TO FILE .
2490 eo*eooe~e......eee.....o.oooeoe.ee

2500 ASSIGN OPath I TO Pile names2530 Ileetee..oe....~e..ooo.....O..OOO..
2520 !0o CORRECTLY SIZE DATA VECTOR cc.
2530 !ee~oeeeoeeeoee~e~o..eooteeeee...

2540 REDIM X(Nuat&-I),Y(N data-1),Z(H data-t)
2550 !eeoeeeoooe*..eeeoole.ee.o.e..eee.e

2560 Ioeoooo* STORE JO LABEL .o.oo.oeo
2570 o*C*o*Ceeooee eeeo .o.oeoo.
2500 OUTPUT ePathIlJob$

2600 IO0OO STORE NUMBER OF ELEMENTS sos
2610 oooeeoooeeeoeeeeeeeeee
2620 OUTPUT OP&th IIN data
2630 eooeeeeeeOe Oeoeceeeeoeeoeeeeeo
2640 Ioo1o*oe STORE DATA ARRAY ecocoeeo

2660 OUTPUT @Path I;X(e),Y(*),Z(e)2670 !Ieooeoo~oecoocoeoeeeeeeooeoeeoo

2600 !e**ee CLLSE FILE AND BUFFER ogees
2690 !oooe ocoeeeocco eeeeo
2700 ASSIGN @Path I TO *
2710 SUSEND

65



NWC TP 6842

31 Aug 1987 20,23t25

166O0 C **O0**.*O5*4*****O*O,***b************OQOO*(O*O****O*O***,**C*4***O@

1010 .a*ooooo.o.*..ooooooooooo.. PROGRAM PEEKERooooooooooooooo
1120 ,~e*.....ooe.o..ooo.ooo..oeo.eoooaeeoeee~oOe*eooo*o9oeo**ooo6**•****ee*~

103@ 1o THIS POGRRAM SOOTS IN AN ANGLULMR FORMATTED SEA SURFACE FILE .

1040 10 AND PERMITS THE USER TO PLOT AND EXAMINE IT • C

1060 DIM Phi(4096),Thota(4096),Tiae axls(4096)
17S DIN X(4S9G),Y(4096).Z(460•)
1060 DIM HestI63,Naaeln0(16],NaespecS{16],MedlUbst20),JobSCSO]
1696 .oeeoeeeeoeeCoOeee.CCCooeoeeCeeoeeoieeoeeeeoeooeeooeooe*.*C

1106 *.**o *.. *.* DEFINITION OF LOCAL VARIABLES ***C**C.e*CC
1116 4Cooeo*C.OC.*.ooeoooeooo CoooooeCo*CC oeoooooCC*CCCoooooeeoooeo

1120 Fsaapleulg
1136 T:sampt.I/FSaapi.
1140 Leakagae.l
1150 Pleu4oATN(I)
1160 NedIuaoS*ASICDATAF1LE"1176 ICC.C.*.C....*..*C..C.C...C.#CCC*C*OC*C*CCCCCC**********C****

1166 PAINT CNR$(12)

1196 INPUT 'Enter FILEHAME of SOURCE Data File ..... .,Hame*
1200 INPUT 'Enter TIME LIMIT on DATA STREAM ...... ",T max
1216 Nada&%eINT(T a&x/T sample)
1220 I.ooo.oo,.C *e..o.C.C oo*oeo.oooeooeCeooo*
1230 :eeeeooo COMPUTE TIME SASE VECTOR oeoee0*0C
1240 1$*.CoeCeooCo.*.*.ooeooooC*CooCSooC**.o
1256 CALL Timebuo(NdataT sampleTieeais(o))
1260 Length0LEN(NHame$)
1276 Test%$6ame9CLength-4.Length3
1206 IF Test$u ANG THEN
1290 CALL Re;d(le2(Naet;Job',MedluwaNjpontPhi(*),Thet&(*),Z(o))
1306 CALL Time b"*e(N data,T sampleeTime axis(*))

1310 CALL Plotrfile(TTm.azls(.),Phi(o).idataOTomx,-PlePle,3,'V)
1320 CALL Plot rlle(Ttleaxls(o),Theta(e),Nd~ta.0,Tax-PieP1o.4, N)
1336 ELSE
1346 CALL Realflle3(NaaeSiobSMedtumtNjointX(o),Y(C),Z(*)
1350 CALL Plot elC(Timexli(o),X(o),Hdata,6,T mJx,-6,6,2,Y)
1360 CALL Plotjfile(Tl#e aXts(e),Y(olNdotaOTmax,- ,3, H)
1370 CALL Plot le(Tlmeeai$(o),Z(o),NdetaepTma,*6,4,4 H)
1306 END IF
1390 PRINT Jobs
1406 PRINT
1416 PRINT Total Record Length is "INHpointl" Points ......
1420 INPUT "NIT RETURN ... '.As
1430 GRAPHICS OFF
1440 END
1456 !CC*C*CCCCCoCC*CSCCCeC***oeo.o*C**C**CCCCCC**oo**o**oCCCCoCCC**C#**C*C*C

1466 ie C.o CC.o. .oCeoeoo SUBROUTINE TIME-SASE ... eei.oo**o*e****
1470 Ioee o ...o..oo ...o.ooo .C.ooooooo *oto*ooe*CCeee*oC*** *coeoe*
1480 60 THIS SUBROUTINE COMPUTES THE TIME SASE VECTOR FOR USE IN C

1490 to PLOTTING THE DIRECTIONAL DATA . C
3560 IC.,*C***C.C...*****C*************.****.@CCCC*CCCC********C*CCC*********

1310 $US Time bse(N dataT s&mple,Tile axis(*))
1526 FOR I-O To m data-I
1530 Time axis(T)*.IT sample
1540 NEXT I
1556 SUJEND
15660 **********************************CC*CCCC*OC*****************CCC*CC*CO**

ISO Cooo*CCC*oeoeCoooo Cooeo SUBROUTINE READFILE3 *oteteoooooeoo *o*
1566 !CC.o**o.oo,, CCooCe CCCoCoooCoo CCoCCeteoooooeeCoooCCooCeoe**CoeoCCeooO

1590 !0 THIS SUBROUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF C

1666 19 EQUAL LENGTH AND lOOTS THEM INTO THE DUMMY VECTORS X(o),Y(6),Z(*). 5
16108 CC.CCCCCCCCCCeCCCCe...CCCCCCo..eC.CoooCCC.CooeooooeoCeoCoCCCoo*CooC*CC**

162C SUB Rlad|i l3(NamStJobSpMedfumSNdatotX(o),Y(@),Z(C))
1830 DIM File naaeSO401
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1656 9.oo..o.oosoooo.qooo DEFINITION OF VARIABLES *.ooooooooooooooooo

I£7 9 NaImeS NARM OF SERIAL FILE CREATED TO RECEIVE DATA
1i0s obs I DESCRIPTIVE JOB LABEL OF CONTAINED DATA
1696 1 MediumS I ADDRESS OF MASS STORAGE MEDIUM
1760 6 N data IHWUMIER OF DATA ELEMENTS IN EACH VECTOR

1730 9 ASSIGN BUFFER 1-0 PATH TO FILE 4
1746 *•*0e00•eeo.*.ooooo.e.oooooeeooo.
1756 IF i.d UmgI HTERHAL THEN
1766 File naaoSsHSloediums$
1770 ELSE
1756 File naa**wMediuuS&Ham*S
1790 END IF
1:01 ASSIGN OPathl TO File names
ISIS 9oeo4seo.eoooooeoo...e..eoe...oe...

1020 Ieee...o READ JOB LABEL oeoeoooo*

1040 ENTER OPathl;Job$
1556 , ooe*4ooooeoooeoooooooo.oeeoooeeo.

106 9o.. ENTER HUHIER OF ELEMENHTS 04

1000 ENTER ePath _I; data

1960 9'. CORRECTLY SIZE DATA VECTOR e.
1916 9.e...o.o.*..oo.o..o..o..... oo0000

1926 RED M X(Nd&ta-1),Y(Ndasa-1),Z(N data-l)
193 0 4a .4 4oe 4e o e *o 4eoeeeeooe .o 4,
1946 9eoeoooo READ DaTA ARRAY *oeooeoo

1960 ENTER OP th lX(I),I(o),Z(.)
1976 ,...e.eoe..e.o.e.eee.e.o,.,e.ooe..

1960 It**** CLOSE FILE AND DUFFER 0e4os
1 990 oooe9eeeeeooeeeee

2600 ASSG N OPIot I TO 4
2616 SUSEGND O

26369...e..4e .4. SUBROUTINE PLOT FILE .... e....e..e

2630 94 THIS UIR3UTINE ACCEPTS TODTA VECTORS AND PLOTS ONE VERSUS 0
=ill6 9o THE OTHER .rHE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN4 0
2070 10 VECTORS AND THE DESIRED PLOTTING COLOR SCALING AND AXES ARE AUTO- *
26006 0 MATICALLY PROVIDED BY THIS SUBROUTINE

2010$U9 H20964040490 **40eeeeooos04*4*40***e,*,*4*o0ee**4**eeeee*4eeeo4*o*4*4**0*.*4ooo

2100 SUN Plot ftoi.Xdata(o),YdOtT(H),NploTXionXsaoYeinYaoPencooeeoe)
2£110 CON /Plotblock/ Xsca£.,Yscal*,Xofrs*%,YorfE.t
21209 .*44*4.**44*4C44444494444C6B0
2130 9.*.***4DE1FINTITION OF LOCAL VARIABLES ... ee.
2140
2150 * XdatU(U) I ABSCISSA DATA V ECTOR TO BE PLOTTED
2160 9 YdaET(O) I ORDINATE DATR VECTOR TO IE PLOTTED
2170 1 Nplot I NUMBER OF DATA POINTS IN VECTORS .

2:60 9 XEln 9 SMALLEST ELEMENT IN Xdata(*) VECTOR
219 X &x f LARGEST ELEMENT IN Xdata(*) VECTOR2200 o Y9eio I SMALEST ELEMENT IN Ydata(o) VECTOR
2210 1 Ymax I LARGEST ELEMENT IN Ydaoa(*) VECTOR
2220 1 Penc DESIRED COLOR CODE OF PLOTTING :OLOR
2230 9 eto ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
2246 dhiteel I DEFINE THE COLOR CODE FOR WHITE
2250 Acolor.Uhit* I SET AXIS COLOR UNITS
2260 Xl~ftn6 I DEFINE LEFT OF SCREEN (PlottOr Units)
2270 Xrafl I.2A DEFINE N AXIS RAIL (PlotEOr units)
226 Xcemterm64 I X COORD CENTER SCREEN (PlOtte- Units)
2296 Xrighte125 I2DEFINE RIGHT SCREEN ýPlotter Units)
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2366 Ybottoao$ DEFINE LOWlER SCREEN (Plotter Units)
2310 Yrailo~i6 DEFINE Y AXIS RAIL (Plotter Units)
2326 Ycenterw4a Y COOROCENTER SCREEN (Plotter Units)
2336 Ytopn96 IDEFINE TOP OF SCREEN (Plotter units)
23469 1X-denom DENOMINATOR OF X PLOTTING SCALE FACTOR
2330 1 @O y 9wo "DENOMINATOR OF Y PLOTT ING SCALE FACTOR

2370

2380 1*# CLEAR AND INITIALIZE GRAPNICS IF SPECIFIED*
23960 .. ~o..ae..~~o.......e..
2406 If Ntw$'Y' THEN
2416 GINIT 1.5
2426 GRAPHICS ON
2430 PEN Wh'it*
2440 VIEWPORT Xlef%,Xright,Ybottom,Ytop
2450 FRAME
2466
2476 !0 DRAW PROPER AXES FOR PLOTTING.
2406
2490 IF Xein(O THEN
2566 IF Ymin<6 THEN @OO.0*0.9*e00..
2516 Xorrsaetxcentov 10 FOUR QUAD AXES DRAWN HERE *o
2526 Yoffsate%'canter e**ese.*..*Ss.0
2536 X-denoooXm&x
2546 Vdeno~soYm&
2556 CALL Axis -draM(XleftVoffsetXrightYoffsctA color,-XoaxXasx)
2566 CALL Ax Is-draw(Xoffset Ybol tono Xofs* Yt op. A~cIor.-Ynax, Ya..z
2576 ELSE
2566 Xoff,.t6Xcente,- 1* +/- X TYPE AXIS DRAWN MERE*
2596 YoffsessYral 1
2666 X denoaaXmax
2610 Y dmnommYvaM-Ymi
2626 CALL Axis -draw(XleftYorfset,XrighsYorctst.A COlor,-Xma~x,Xeax)
2630 CALL Ax Is drau(Xoffs&etoYbet too* Xoffact,9Ytop, A col or. Yalno Ymax)
2640 END IF
2650 ELSE
2660 IF Ymin<6 THEN 050450*0.0045ss
2676 Koffs&tu~va1l it +*'- Y TYPE AXIS DRAAWN HERE
2600 YoffstosYcente, .eoeoee.4554554q
2696 X-denoaswXwx-Xmi n
2766 Y donomasY.x-Yein
2716 CXLL Axis dwa.(Xorfset,Yotfsot,Xr-iqht,Yoffset,A color,Xaiui,Xw
2720 CALL Axis-draw(Xorfs*t.YbottooXo((s*t,Ytop,A~color.-Yaax,Y..''.
2736 YoffactooYbottem
2748 ELSE
2750 Xoffs*,&Xrail I. + ONLY X&Y AXES DRAWN HERE 0
2760 YoffactooYbottom I.ee...55....e..
2776 X-donoa-Xu&x-Xmin
27110 Ydenom*Ymsx-Yein
2790 CALL Axis draw(xoffsetYoffsatX-ightYoffsetA Color%,XainXoax)
2666 CALL Axis drau(XofrsetYerfse.,XoffsotYtopA celorY.inYma~x)
2610 END IF
2626 END IF
2636 xscale*(xrlight-Xofrses)/X~d~noa
2646 Yscsl*-(Ytop-Yoffs~t)/Y denom
2656 END IF

2676 0* DATA VECTORS PLOTTED DELOW

26990 PENUP
2966 CALL SCaIe,-(Xdata(6),Ydata(6), XaintXuax, YamlYmaxX plotY~piot)
2916 PEN Penc
2926 MOVE x plot1 y plot
2936 FOR 1.5 TO Helot-1
2946 CALL Scalu,-(Xdata~l);Ydata(I ),Xain.X&ax,YmtnYmaxXPlotpy plot)
2956 DRAW X~piot,Y plot
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2966 NEXT 1

2970 TUEND

2990I........e.. SUBROUTINE AxII DRAW .eeo*.**O****

3010 *OO**O@*O@@@,**, *to*,O@***@o#oO@ toCO**@# 04*0*

318I THIS SUBROUTINE DRAWS AN AXIS FROM THE STARTING CO RDNATE TO
3620 It ThEFINAL ONE .IT ALSO QUAhl'IFIES THE ORI GINM ANm TERMINUS OF :AID*
3030 1# AXIS..0

363 SU Axs dau( s ar sYtar ,f~nal,Yf7nl ,.Axis color,A aln.Mmax)
3660 P;*s4OATN(I)

3666 PENup
309 PEN Axi~s-color
3190 PENUP
3116 MOVE Xst.'t,I'start
3120 DRAW Xftnal,Yrlnal
313: PENUP
3140 CSIZE 3.G..5
3150 CALL Rounder(Aamlf,3,AG)
3160 CALL Roundvr(Aaa~x,3,AI.
3176 IFCX~start.,Xf:7&l THEN

36 CLL Lobe I(Xata&rt -Do -t aqYst art ,Pi *#2, Axi scol or,VALi (A6G)
310 CALL Label Xf I tnal -Do *t a, Yi nal -2#D*It a, Pi&/2, Axi cal orv, VALS(A1)o3260 ELSE
321: CALL Label I 4(Xsta&rt, Yst&rt -Do It&,9, Ax iscol or,VYALS(AS))
3220 CALL Labo l t (Xf i nal -2#DwIt &, Yst art-Delt1,0, Ax &c ol or, VALS(A1)
3230 END IF
3240 SUBEND
3230

320 !.e,~a~a.e~e URUIELABLIT *ts*..........40.

3273
3200 :# 'HISSSUBROUTIHE SIMPLYYACCEPTS THEAGIVEN LA BE.L AND TPLACES ITYWHEREN *
3290 . IT I S SPCIFIE D ( v X,Y LOC ATION) AT THE GIVEN TIT ANGLE THE PEN 4
3360 9OL OR Pentc' IS ALSO PROVIDED BY THE *USER *THIS SAVES A LOT OF *
331 REPETITIE CODE

3330 $v&% Label it(X,Y,Ti lt,Pmnc.SttrngS)
3340 PENUP
3330 MOVE X,Y
3360 PEN Penc
3370 L~ 1~l
3360 LABEL Sti'ng$
3390 PENUP
3400 SUDEND
3410 CCeC..CC*C**e...CCCCCCCCCCCCOCCCCC'
342* .. e...ee..... SUBROUTINE SCALER *e eCeea *CC*4

3448* THIS SUBOUTINE SCALES TH DAA PASSE TO ITFUR CT PLOTTIN H
3450 'aPURPOSis

*3470 SBSae-X tYa ,.I.X axY.In.max, Xploty-plot)
3490 CON /Plot block/ Xscale. Ysc £1 ,Xoff(st ,Yo~ffet
3490 X~plotmXacalee(X~data-X.in).Xoetsot
3500 YPl ot uyscal ee(Y~data-yainf)*Yorftso
3510 SUBN

3 3 30 !4..C..eeCCC SUBROUTINE ROUNDER C*40409*CICOO

3330 1* TI USOTH ACCEPT u NUBER OF ANY SIZE OR SGN AN a

*3360 :: ROUNDS IT TO TNi SPECIFIED NUMBER OF DIGITS,

Ap3600 ....... DEFINITION OF LOCAL VARIABLES *C.4.CC
% 3610

69

Co .RrAJ'f.'



I|
NWC TP 6842

3626 X input I INPUT NUMBER TO 3E ROUNDED
36301 X dumay I DURRY VARIABLE USED TO PROTECT X_Input
3640 9 Ndigits I NUMBER OF DIGITS DISPLAYED AFTER ROUNDING
3651 X rounded I ROUNDED EQUIVALENT OF X Input
3660 1 Sign I NUMERICAL POLARITY OF POUNDED NUMBER
36709 1Magnitude f-OR"9 OF MAGNITUDE OF INPUT NUMBER
3960 1 Mantissa I MANTISSA OF NUMBER UNDER ROUNDING
3690 1 ARGUHENT "t ABIREYIATED VERSION OF MANTISSA.
3?00 *eooeeeeeoe*5eeoeeoeoeeeto~eote..eeeeeeo*.e**aeeeeeeeeoeeteO

3710 IF X input(ý* TOWN
3726 X duoaynXInput
3730 STgnsSGm(x summy)
3746 X duseyuA!i(X dummy)
3750 MagniudCI|NTCLGT(Xdumsy))
3760 %&ntissa-X duomy'(C 0•-Manitud*)
3?76 Argu..ntmINT(Mant issaolO^(N digi&s-))'l0'(N dtgits-I)

3.00 XKroundedeSigneArgumentolatq~nitude
3790 ELSE
3e00 X-rounded.XKinput
3010 END IF
3020 SUDEND
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Appendix D

FOURIER TRANSFORM OPERATIONAL SOFTWARE

(1) ZSPECTRUM Program

(2) SPECDERIV Program

(3) DIRFFT Program

(4) SEESPEC Program

71



NWC TP 6842

31 Rug 1987 20a29t49

1000 !**04**4eeO**OO**@O*@*G**O*@ee*e***eGG@*e•eeeetete~ee@.eeee••eoeeee~ee~ee

1010 I ... aeeoeooo...eee.eee PROGRAM Z SPECTRUM1620 9 e..e~ee**eeeeoeeteoeoeaeoee**oeo*e•oeeeoe.ee..o•eoe~eoeo~ee~oe~eoooeese.

1030 to THIS PROGRAM #OT$ IN THE 'Z' VECTOR FROM THE ANGULAR *
1640 it FORMATTED FILE AND PERFORMS A FAST FOURIER TRANSFORM ON IT . TWE *
1050 14 RESULTING tPECTRUM IS THEN PLOTTED , PRINTED OUT , AND STORED ON *
1040 !4 DISK'WITN THE FILE EXTENSION PEC $ PI
!070 .oeoo..eeooooooe**e~eeo~oeeeeeiee...oooe~otoee.,e~e*oeoee*eooooo~eeto

1000 DIM Phf(4096),Theta(4G96),Z(4096)
109O DIM Frequency(409),.Maqnitud.c4099),Phaae(419S)
l11e DIM Naeas*C1.Ha*si not[161tNameoout0Cl1,1Modiuai(201,JobS$8OI
1118 PRINT CHR$(12)
1120 * *eooe•oeeeeoeeee.0*o.e0..o0......o...e•eeo..o...••**e•eee...

1130 **'.**o***b.t. DEFINITION OF LOCAL VARIABLES *t**4*o*"0*
1140 9 e eeO Oeee OeO0,eeOeeee•eee,. OOO...O...a Oe•e.et..
lisp 2() ELEVATION OF SEA SURFACE. (Feet)
1160 I Phi(*) I ELEVATIONAL. ANGLE OF UNIT NORMAL. (Raianxs)
1170 1 Theta(*) AZIMUTHAL ANGLE OF UNIT MORMAL. (R&dians)
1160 1 fMlitude(*) I MAGNITUDE OF FOURIER SPECTRUM. (ft/htrz)
1190 1 Pha&e(#) I PHASE OF FOURIER SPECTRUM. (Radians)
1200 9 Frequency(t) 9 FREQUENCY OF SPECTRAL COMPONENT. (Herts)
1210 9 NMdata I MURDER OF TEMPORAL DATA POINTS.
1220 -NJoint I N data ROUNDED UP TO NEXT POWER OF TWO.
1230 9Mean I STATISTICAL MEAN OF Z VECTOR DATA. (Fees)
1240 F saplea6e I SAMPLING RATE OF WAVE COMPUTER. (Hertz)
1250 T sapienI/F s&aple TEMPORAL SAMPLING INTERVAL.(Sec)
1260 Pte.4*ATN(1)
1270 Aediuasf8"ASIC/DATAFILE/" I DEFINTION OF MASS STORAGE MEDIUM.
1260 Penlo2
1290 Pen2u3
1300 eosefooeeei•oeoe~e~oe•••e.e..e••e~e...ee ....oo e ..ofe~e...e..ee

1310 PRINT CHR$(12)
1320 INPUT *Enter FILENAME ot SOURCE Data File .. (Omit Extension)...',Naame$
1330 INPUT 'Enter SPECTRAL TRUNCATION Dats File LENGTH ... ',N• hort
1340 Window S6s*N
1356 Name InSUNaeS&e RNG,
1340 Name outsumaae&s5 SPEC-
1370 CALL RedW 11e3(Nee ino.Job$e, ediumN_dataPhi(e).Tgheta(9),Z(e),
1300 N pointo2-INT(LOG(N-data)/LOG(2).l)
13 0 CXLL Statlt ics(Z(O),Nd&t&,MeanSigma)

1400 IF Window fo'Y* THEN
1416 CALL wTndower(Z(e),Njpoint)
1420 END IF

1430 CALL Kill Oe(aet(Z(e),NdataHea)
1440 CALL Zero f-¢I(Z(#),N dat&, point)
1450 CALL F~t(!(*).NpointFi.,Magnitude(e),Phaae(e):
1460 CALL Freqbae(N•pointNshort,FsaapletFrequemcy<())
1470 Freqmax-MAX(Freauency(&))
1460 MagmaxeMAX(M&anttude(e))
1490 Phase minwAS$(MIH(Phase(e)))
1500 Phase max-AD5(MAX(Phau.(*)))
ISIS IF Phas emaj(Phaseimi THEN
1520 Pha*e max-Phae min
1530 END IF
1540 PRINT CHR(12)
1550 PRINT Jobs
1560 PRINTER IS 6
1570 PRINT Jobs
1560 PRINTER 1 1
1590 CALL Plot file(frequency(.),•Manitude(e),NshorteFreqoax,-HMagmsgta_

max,PenI.Y,YMAGMITUDE PLOT,)
21606 INPUT Hit RETURN to CONTINUE .... .,A

1610 CALL PlOt file(Frequency(e),Phsse(.),NshortteF.qaax,-Phasema,,Phaae
bmxPen2tY',PPHASE PLOT 1)
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1420 INPUT "Hit RETURN to CONTINUE .. *A
1636 GRAHc F

164 INUT PRIT-OUT SPECTRUM ? (YIN) .... A$

1440 CALL Pr i nt Maui(Fi-oquenc y(f). MagnIt ude(0), Phas )N~stort)

'1466 INPUT STORE SPECTRU onDik 7 (Y/N),AS
149:0 IF PA6.*Y% THN-EC U -o9
1706 CALL. Udri t~fi 3(Haa&-OuSqiOb9,Mediu&*,Ns&horw Frequoncy(,o),Magni tido(

1710 END IF
1726 PRINT CNRO(12)
1730 END

1750 !4'444.4..44...SUBROUTINE FFT

177 4 THIS SUBROUTINE PERFORMS A FAST FOURIER TRANSFORM ON TNE o
1760 I*DEPOSITED DATA VECTOR ' N inpu%(*) THE REAL PART OF THE SPECTRAL 0
1790 If VECTOR IS RETURNED IN TNE VARIABLE -F roal(*) AND THE IMAGINARY *
1066 If PART IS RETURNED IN VARIABLE 'F~inaqeC.) - IT IS IMPORTANT TO *
ISI0 90 NOTE THAT , IN ORDER FOR THIS FFT ALGORITHM TO WORK THE NUMBER Of *
1623 if DATA POINTS UNDER ANALYSIS MUST BE A POWER OF TWO 99 4

1.46 SUB FftCX inpw%(0),Npoint ,PiO,Megnitude(O),Phas@(4))
1656 DI:114 (49),mg 1(4695),ReaI 2(4695).Imag. 2(40919)
104 DM P - ndox(2040),G4n-dex(2G48)

* ~~~~~~~167900 RDIpol IHon- ,Ia l(pi -1
1900 REDIM RtaIZ2(ti~point-1),Imaqe_2CH-oint-1)
logo RAD
190i PiOU4*ATH(1)
1910 V~pointulNT(LOC(N~point)/LOC(2))

1930 !*909- ORDER DATR VECTOR FOR INPUT OF TRAN4SFORM 444444

1940 44444441444444444444104404

1956 CALL Ii t ro*rser(X input(o).N~point .Vjoint 9R@&a1(4))

1976 16 NULL IMAGINARY INPUT VECTOR .

1990 FIR I&S TO N~point/2-1
2660 Iftago-l(I)SO
2910 NEXT 1
2620 FOR I staqeoG TO V poins-I I START STAGE STROSING LOOP
2036 CALL. Butterfly(Npoin%,Vp*1nt.I &%&gw,P inde~c(4)t.0ifldx(0))
2646 FOR J~butte.fly.O TO Hjei nt/2-1 I STIRT BUTTERFLY STROSING LOOP

p 2646 1* DETERMINE BUTTERFLY BRANCH POINTS*

2666 P.Pl1nd~x(J~bu1%frEI.)
2909 Q.0i ndex C ibus &rf 1y)
2100 ftpowqrQFNModuie(j but'.erf1 y42^(Vpoi ni-I-I stage) ,HPoint/2)
Zi16 CALL Phasor(Pie,Np;oiniRpowwrW real,W image)

*2120 CALL Product~comp~lex(wreal,wNIuaig,Real(0),Image1 lcO),Dubay..real,
arm Dummy_1ft&4q)
DM2130 404.@0.44440.40.9
nc2146 1* COMPUTE UPPER HALF OF BUTTERFLY4
?w2156 94444.00.44444000

2169 Real 2(P)0Qeal lCP.+Dusmy rval
2176 Image 2(P)umlaqe ICP)ODUmmY image

219: If COMPUTE LOWER HALF OF BUTTERFLY
S ~~~~~ ~~2206 *444444440&044444

2210 el_9~ ~ a l(P)-bummy real
2226 mg (9lae ()um mg

F 43 223rd NEXT J~butt*rfly
2240 .C44..040.4440440
2250 it UjPDATE HEX! CYCLE SOURCE VECTOR
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2240 *e00oooooo40o0o000eoeoooooo0ooeoooo

2270 MAT Real 9 ealo. l2
2200 MAT ImqI- lsaaqe_2
2290 NEXT Ii qetg

2310 10 DETERMINE MAGMIZUDE RHD PHASE OF SPECTRUM *
2320 eoeO..o oe.o..e o.oiee e ooo.oeoeo.....
2330 CALL Ma-phase(RoI2.OIuqg.2o).onsMaonhtud...Phe~e)
2340 SUDEND

23562340 9o...eeeo**o~eoeoo~ooeeoo. SUSROuTIHE NAG PNASE oeooooeoee~e~o.0000ooo0.o
23?60 !•osoooeoeoooooooe......e......oo ..ooe.oeo oeeo .oo..eooeo*eoo.oeo o..eeooo

2360 t9 THIS SUBROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE COMPLEX .
2390 to VECTCRS PROVIDED IN THE VARIADLES " ral~e) " AND Xluaee(e) "
2460 9. THE RESULTING MAGNITUDE IS THEN STORXi IN THE VECTOR " R aleq(.) "0
2410 to AND THE PHASE IS STORED IN THE VICTOR " Pphas(eo)
2420
2430 IUD hoe phas*(X-roal(9), X_1~~opono kM()PJph"b(*))

2440 PiE*4LSTNEI)
2450 FOR Is$ TO N~point-I

2490 ELSE

2560 PhaeoPIe'/2
2516 END IF
2520 X_$ineSGNC(X_ eel(I))
2530 Y SIgnaSGN(X Ims.e(I))
2540 IV Y sign)-O THEN
25580 O X sIgn>-m THEN
2540 PphseC(I)nPhai.
2570 ELSE
2500 P~phas.C I)=Pl-Ph&&*
2590 END ITF
2600 ELSE
2610 IF X_$19A>oS THEN
2620 P ph&&v(I)e-Ph&se
2430 ELSE
2440 P phae(I)mPhase-Ple
2450 END Fn
2644 END IF
2670 NEXT I
^4600 SUIEND

2706 900oo.ooo.o.o..ooo..ooeo SUBROUTINE SIT REVERISE *oo...o.e...oeeoeo..
2710 0e00eoeoe0oooooee e .....ooeeo.....eee ..oooeoo.o.oeeooeee...oogeoo
2720 it THIS SUBROUTINE PERFORMS A SIT-REVERSAL OPERATION ON THE 0
2730 It DEPOSITED INPUT VECTORS INDICES THIS IS IN PREPARATION FOR AN *
2740 If IN-PLACE FAST FOURIER TRANSFORm OPERATION * 0

2740 BUD Sitjrevse(Vectorin(o),NvecorN_Hpowr,Vectorout(o))
2770 DIM Index tn(f), Index ou%(I6)
2766 900i0l0l000l0000...e....eeelelo.l.e.....eli..l.ll.l.l.lii.t

2790 4 ooooo.o.ooo. DEFINITION OF LOCAL VARIASLES **.e.*elltttt

2i1016 Vecteorin(#) I INPUT VECTOR TO IE SIT REVERSE SORTED.
2029 N"power I LOG BASE TWO OF INPUT VECTOR LENGTH
2830 1N vector I ACTUAL LENGTH OF INPUT VECTOR .
2040 1 Index Int() I BINARY INPUT VECTOR REFERENCE INDEX
2050 1 Index-out(e) I BINARY SIT REVERSED OUTPUT VICTOR INDEX
20669 rvcto rout(e) I SIt REVERSE SORTED OUTPUT VICTOR
2076
2080 FOR ImS TO N_powor f NULL BIT INDEX WORDS
2096 Index_in(l)uO
2960 Index-out(1)aO2916 NEXT I
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2920 FOR Is@ TO N vactor-l
2930 IF 1()6 THIN
2940 CALL Inc biinary( Index.in(e)sHwpower)
2950 END IF
2960 CALL Roeelct(Index in(.),NpOvwrtnde•_out('))
29?0 CALL :as@e-tn(4nde. In()N power,I Input)
2960 CALL "ts tencIndex out(e),.ower l ouIput)
2990 I ee *Ieeoeoeeeeeeoseeeeeeeeeo~eeeeeeee
3060 ito lIT REVERSED INDICES OPgRrION IBLOW .o3018 oooeeee9eeeeooeeeeeeeo
3620 voc t oret ( Iout put ) aVac or|i ( tI nput)

3030 NEXT I
3940 SUDIND

3060 Steeeoooooooe UBROUTINE 114C BINARY eooeoeeeeeee

3066 10 THIS SUBROUTINE PERFORlS A PINAEY INCREMENT OPERATION ON THE *
3696 '# DEPOSITED BINARY VECTOR I Word inc(S) " AND RETURNS THE RESULT IN &
3106 1. THE SAME VARIABLE
3116 I..e.oeo...e..........eo...ee..e..eeeeeeeeeeeeeoeeeeeoo.e....o~eeeee.ee
3126 SUD Inc bInary (Word lnc(e),N power)313: Ceurry_¢T•so
$140 Done €fl4-0
3150 1-*
3160 WHILE Don*_¢lagnG

31?0 IF teO THEN
3100 IF Word fnc(l)mS THEN
3190 mord inc(i)-l
3260 Oone rlaQl
3210 ELSE
3220 Word inc(l)-S
3230 Carry- rlagl
3246 END IF
3250 ELSE
3260 IF Carrytfl~aql THEN
3270 IF Word Inc(I)sO THEN
32:0 World-inc(|)ol

32D0 Done tloenI
3300 ELSE
3310 Word-inc(i)wO
3320 Carry flwo-l

333 E END if
3340 END IF
3359 END IF
2360 I-l#l

33?0 IF THI po UTr THOF
3300 DoneAflRgO l
3390 END IF

3400 END WHILE
3410 FUTEND

3520
3546 oeO*00eee.*eeeeeeeeeeooeeee**eeeoe.eeeeeee4040.eooeeeooe00oeeee0eeeee00ee

3430 !OOeeeoee.oo eoo eoeoee SUBROUTINE REFLECT .oe4oeeeoeoe00eeeeeeo

3560 !eeeo~ooeeeeeeeeoeoe**eoooeeooeoee.4oee0eeeoeee.*.ooeoeeeeoee00eeo*eeeeo

3450 9o THIS SUBROUTINE TRANSPOSET THE POSITION OF THE 1TS IN V TO INPUT
3460 1# VICTOR TO OPPOSITE POSITIONS WITH RESPECT TO THE CgNTROID Of THE
34?0 lo BINARRY WORD•

3490 $UP Roflect(Word tn(e)gH pover.Mord out(e))
3500 FOR to$ TO N power-t
3310 Word out (I)w~ord ln<N power-I-l)
3520 NEXT T

| ~~3930 |JN
3540 iottoeeoeee~eeelteeleftstofeeeoeoele

] ~~~3550!eeeeeoeeeeee SUBROUTINE EASETEN eeeo~eeooeeee

]3570 1* THIS SUBROUTINE CONVERT$ THE DEPOSITED BINARY VECTOR TO A BASE
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3568 10 TEN INTtGER.THE BA4E TEN NUNDER IS RETURNED IN THE VARIABLE 'X out'.*
3590 1************************************

3600 SUN Bseten(Nordlf(o),Npowvr,Xou1)
3610 X outs@
3620 FSR too TO Npowe:!I
3630 X outtX out1*ord In(I)*2-I
3640 NERT I-
3650 RUBEND

3670 9oeoeseeeo.eeeoeeeoooeeo SUBROUTINE BUTTERFLY ooeooeo4s.oooooeeo
36SOO 55OO*5s.5O.O....OO.O5e.*eOO 5OO..555550 OI*.*OOOOItOOOee5.*.O..OOeOeDO*OOO

3690 It THIS SUBROUTINE GENERATES THE NECESSARY INDICES DEFINING THE *
3760 to BUTTERFLY$ WHICH PERFORM THE IN-PLACE COMPUTATION$ OF A FAST o
3716 '1 FOURIER TRANSFORM .
37260 se.e..oe.oo.o..ooo ..o...o..o.o....ooeeoe .e.eeo .eeooo.o...eoeeeo ..oeooeoo
3?30 SUB ButterI y(Npotnt VYpolntSa&oq,P(*) OG())
3740 1seoooooeooeo oooeo4o**eeoeoooesooeseoeooeeeee*
3756 1400000000.00.. DEFINITION OF LOCAL VARIABLES so..osso*s
3769
3770 9 Hpoint I NUMBER OF POINTS IN FOURIER TRANSFORM
3766 O Vpoint I LOG BASE TWO OF NUMBER OF TRANSFORM POINTS.
379 Stage I STAGE OF TRANSFORM VECTOR PROCESSING
36606 SPon I WIDTH OF RON SPAN OF BUTTERFLY .
3616 N Hbutterfly I NUMBER OF BUTTERFLYS IN TRANSFORM STAGE.
36220 N cross I NUMDER OF DUTERFLYS FOUND •
363 Up cross I POSITION OF UPPER BUTTERFLY BRANCH.
346 Lou cross POSITION OF LOWER BUTTERFLY BRANCH
3959 f p(o) 'P' INDEX OF BUTTERFLY 'N cross'
3069 0(a) 9 '0' INDEX OF BUTTERFLY 'N cross'3676 9ooeoeeoo5 oeeooooo~oososoesos....e. oooo..e.*ooseeoeoo.ee.e*
31000 SDpriv2•Staa&
3890 9 ooe~eoeeeeoe~

3900 9* DEFINE INITIAL BUTTERFLY 4
3916 9Qesesooos.o..o.o.seo...ooooo

3920 Up crosseD
3930 Lou crosseSpan
3946 N crosse-I
3956 1, Span)l THEN I TEST OUT CASE OF STAGE ZERO
3960 WHILE N cross(NJpotnt%/2-Sps
3976 FOR T-up_cross TO Lowcross-I
3996 HNcrosSoN cross.I
3940 P(N cross)ol

4010 NEXT I-
4020 Upc rosooO(N cross o.
4030 Low croossUp-cro.*.Span

4040 END t NT9.L
4050 fLSE
4040 FOR 1I- TO M potnt'2-I
4070 P(I)0Z.I
4000 0(1)620.*t
4090 NEXT 1
4100 END IF
4110 SUBEND
41260 ,seoe.sesoeoesooeoooog.oooeo...eo..soooeeo.o.oe~se..oe...oses.oesogoo.ee

4136 9,ooooeooo.oo..o.eo.....es. FUNCTION NODuLO *.e5o4oeoo **ooo V4*e4146 05oO5*oeosoo..ooooo.eoooo.eoeo.s....o.ooooo...oooo.....s..s.......5.e.eo

4150 9t THIS FUNCTION RETURNS THE MODULO VALUE Of AN INTEGER 0
4160 to ARGUMENT NRT THE MODULO LIMIT SPECIFIED AS " Mod•m"'
41760 .o**eoooss.s.......ooe*..soseoesoeoo.ooooeoose..o.o*eo..oeoo.oseoeoeo.os
4100 Dtf FNModulo(NuoberPMod_&)
4190 DusmmeINT(Number'Mod4 ox)
4200 N oodmHwsber-DueeHeMod stx
4216 RITURN Nsod
4220 FNEND
4236 'oo.eeoeoo .. soosso..oo .ssos..o.sess..oeso ..o..e.o.soooe..oe.....se.sse76
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4240 .oeooo .ooeoeeoo SUBROUTINE PRODUCT COMPLEX *ooooooooo **o@~@

4260 1o THIS SUIROUTINE PERFORMS A COMPLEX MULTIPLICATION OPERATION ON THE 9
4270 1* DEPOSITED " X real * X Ima"* AND Y real * Y Ims&e I INPUT *
4260 9s VARIABLES AND RETIRNS THE RESULT- IN THE VARIABLES 0
4290 , Z.ea * 12 ae 2 .
4300 toe940oo0ooo0oooeoeoeoooeooe0o000oooo00o000000oooooeoooooeee0oo***@oo
4310 SUB Per'dict Coliplex(X r*lX, igegYral.V ,Ytoaie.Zreal,ZtImage)
432'0 9o000o00000oo00oo0900e...oo~eeooooa~leoe.oo0ooGo0000o0ooo0004

4330 9*ooooeeoeo** I NINITION OF LOCAL VAiRIABLES ******o***
4340 .o.oo.....oee.oooee0ooeo0**00C*eooo0oooo*ooeo00o
4330 ! X real I REAL PART OF FIRST INPUT VAPRIADLE
4360 ! X-1-ago I IMAGINARY PART OF FIRST INPUT VARIABLE.
4370 1 Y real I REAL PART OF SECOND INPUT VARIABLE .
4360 1 Y-Image I IMAGINAY PROT OF SECOND INPUT VARIABLE
4390 Z real I REAL PART OF THE PRODUCT OF INPUT VARIABLES
4400 Z 2image 9 IMAGINARY PART OF PRODUCT SUN OF INPUT VARIABLES
44160 ..oo..o.....o.......o.*o.ooo*eo4ooo0oo0oo00ooo0**oooCOO*e*0o*

4420 Z realtuX etl*Y real-(XImage*Y mag*e)
4430 Z1 maqges teal 01Y71 *meeXi mageoY real
4440 SUDEND

44690 SUBROUTINE PHASOR *eeeeoeoeoeeoeo 0*
4470 lot o#* ee e0.eooteeoeo eet*o*eoeo oo oeee9*0 o* o * oo040 o0 oooooe#o o00 *
4460 9o THIS SUBROUTINE COMPUTES THE REAL NHD IMAGINARY PARTS OF AN C
449* te EXPONENTIAL UNIT TRANSFORM PHASOR RAISED TO THE POWER Rpower "
45660 feoooooooeoooeoeeooooeeeoeeeeeoo~o~~eeeeeeoeooee~eeo.eaeeee.0aoeeooeeoeo

4510 SUN PhaSor(PIe*,NRM,*Wr*lW Imaeg)
4520 N re&a*COS(2ePI#eR/N)
4536 NIae~euSIN(2oPIeoR/H)

4540 SUDEND
4556 oe~eeooe.ooooee~eeeoe..e..eooeoeoeeeeeoe~eeoooeoooeeoeo*0*00eoe00eoee**

4560 oeoeoe. oe4eoeoee SUBROUTINE ZERO FILL eeoeoeaesoo eeooooo
457t o
4560 1* THIS SUBROUTINE EXTENDS THE LENGTH OF THE RECORD TO THE NEXT *
4590 to HIGHEST POWER OF TWO BY FILLING THE REMAINDER WITH ZEROES *
4666 oe..oeeoeoo.ooaooooeoeooeee....e~~4.COoC*o*CoCooeoo*eoCC@ooe*eoo**oo*Co

4610 SUS Zero tltl(Duamy(o),N InpN out)
4620 V InINTiLOG(N In)/LOG(2)) i COMPUTE POWER OF TWO OF DATA RECORD.
4630 N outo2'(V In*T) f INCREASE RECORD LENGTH TO NEXT NIGH-
4640 R[DIM Dusm-(Mout-I) I EST PHER OF TWO
4650 FOR IwH In TO N out-I
4660 Dumsy(I)SO I ZERO FILL REMAINDER OF DATA RECORD
4676 NEXT 1
4600 SUDEND
4690 9ooeeoooe~e~eeaeooooeoe~oeoeoee~eeeeooeooee*0CC*CC*ooooeeC*o*09o00oCCCo*C

47?0 9 eeeeooo eeo eeoo SUDROUTINg FREg DAlE eges.see.. •••••oeIee
4710 foeoooee..e•• e..e.eoo ~ eOoeoooo.oeeoooooeoe*CCCC*o00o*eoooCo4o CO~o~s4CCC

4720 1* THIS SUBROUTINE COMPUTES THE FREQUENCY BASE VECTOR FOR THE a
4730 1e RESULTANT OF THE DIRECTIONAL FOURIER TRANSFORM . C

4740 9eeeeoooo.eooeeeoeeoooo e*ooeeoe*eooeee eooeeooooeoooe o CCo o
4750 SUD Fe-q b"s(NPOlntNreqv'ncyF-'aPl''Fr'qu'ncy(').
4766 OF delta. *&epte.,peIn%

47 ,;F**.6To N frequency-
4706 Fr euoncy(T)uieF delts
4790 NEXT I
400 SUDIEND

4026 !SUeBeReeo oeeeeooeee SUDROUTINE KILL OFFSET e.oc. oct•••tee •Je seco o
4036 9 .ee...e.e.eeoe.ooooo ..e..t&eee..o.eogeeoeeoeoeoee.e~eooo..o.e~esetoee*

4046 90 THIS SUBROUTINE ELIMINATES THE DC OFFSET FROM THE SUPPLIED C
4056 90 VECTOR BY SUBTRACTING ITS MEAN AND THEN NEGATES THE RESULTANT . 0
406660 ..... eeee.eeooeeoeeoe~eoeeeeo~eeoo00eoe.eeoeC~eooooe~.OOooeoCeo*#eeeeoeo

4670 SUB Ktll (Tfset(Vctoer(*),NOvectorme&n)
4666 FOR 1.6 T0 N veCtor-o
4696 Vector(l);Mean-Vector(I)
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4900 NEXT I
4910 SUIECD
49260 0t40*ttO*t4t*tO***tO4tttttt44*tt4*ttOtt4*tt*ttO6Oe4444O*ttttt,4ttttOO**t

4930 **eo...4.o........oooe. SUIROUTINE READPILE3 *6*0 .6*oeo*o*o***o*o
4940 aea4.eoeeeaeol s.o*.**loeeOo. oo eeo,64***e~e.o.*oo*oeO**e

4950 90 THIS SURWbUTINE READM THREE DATA VECTORS FROM DISK STORAGE OF a
4940 0* EQUAL L10GTH AND BOOTS THEM INTO THE DURRY VECTORS X(o),Y(O)eZ(#). C
4970 O0.***O**..**4*4*S0***0 0*
4900 SUN RWeafIll3MW(.6,JobsM dYumSNdasa.N(.),V(o),Z(f))
4990 DIM File naaee46 Ol
5006 Ioo0eoo0400eoo4ooo0oeoo*,oooOo4040000ooo4oe*o9e0000e0Co00eeo00

So0* i0oo oooooo*ooo DEMINITION OF VARIADLES ee eeoeo.e00

Si36 ! NHamso I NARE OF SEPIAL FILE CREATED TO RECEIVE DATA
5040 1 Jobs • I DESCRIPTIVE JOB LABEL OF CONTAINED DATA
5050 9 Modimes f ADDRESS Of MISS STORAGE MEDIUM
5060 9 N data I NUMIER OF DATA ELEMINTS IN EACH VECTOR
5070 ..e.........e.oeoe...aeeee..eeo~oeoo .eoo.e..oeoo.

5690 9 ASSIGN BUPFER I/O PATH TO PILE 0
5100 e
5110 IF MediusSeStINTERAHRL THEN
5126 FPile naa.SoHa.SMediu.S
S130 ELSE

5150 CHD IPF
5160 ASSIG4 ePAth I TO File nameS5170 I oeo~ooooe.ee.*esoo~eeeaoeeo**e..

510S 1oe.00.. READ JO LADEL 0000e***e
5196 !...ttote..ttte...tt..e..tt.tl.ali

5200 ENTER OP&thlgJobS
S210 9900oeoeeeoeoe oeee...eeoo.
5220 *o- ENTER NUMDER Or ELEMENTS .sea
5230 Io.ooeoe ee.eo .oeeele.....e..
$240 ENTER SPath ilN dit

5260 leo CORRECTLY SIZE DATA VICTOR sos
52O l9o..o.o.*eooooeeo~oolo~aeooeta..e

52•0 REDIM X(N data-t).Y(Hdata-I),Z(Ndata-I)
5296 9............................t....

5300 lot****# READ DATA ARRAY 0e0*9Do0
5)16 900000000.0.....e......t....O..tt.

53)2 ENTER *PalhilX¢O),y(o),Z(o)
5336 9*oeooeoe...oo..00o.0.e.o.......
5340 t**o*e CLOSE FILE AND DUFFER e0*ie
5356 94@B0oeoo4e,0*00eooo0o4*00,o4eeoo

5360 ASSIGN ePath I TO *
5376 REDIM X(4096-,Y(4096),Z(4096)
5366 SUDEND

5460 9..eI...........e....... SUDROUYIHE IRITEFILE3 o .*o*oooo e*oo .oooeo*
5416 '1 9049 00*09004000444094o o....a...e..*.e*****
5420 it THIS SUIROUTINE ACCEPTS THREE DATA VECTORS OF EQUAL LENGTH AND 4
5436 Is NRITES THEM TO A DISK STORAGE FILE UNDER THE FILEHAME SPECIFIED *
5446 10 NY THE USER * •
5456 9o....eteooee.oo.oo.ooo.oeee..eeooo...ee.eooooe.ooeooeseeeoeoeo..eo0e06o

5460 SUD Nritel eI03Namet,Jobs,.Mdluse, Hdata.X(t).Y(.),Z(o))
5476 DIM Fil nagse(406

5490 leeaee..eeeeeO* DEFINITION OF VARIABLES *0*00o0oo4*04ooeee0
5560 9OeotO......ei *.e.O...ooooeo~oeeeeeeiaeOlJitlOll~eelOeeeee leleae

5510 ase* NAME W C SIRIAL FILE CREATED TO RECEIVE DATA
55206 Jobs I DESCRIPTIVE JO LADEL OF CONTAINED DATA
553 1 Mediums ADDRESS CR MASS STORAGE MEDIUM
5540 1 N data I NUMIER OF IATA ELEMENTS IN EACH VECTOR

855560 .o.ooe.......o ..... e.oeeoleeeoee eooe.o....ee.e ..ooeele04ao*eeo
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5576 It CREATE DATA PILE FOR STOMAGE e

55S0 FIle SI:.oINT(N d&t&'9)
Sa06 IP MediuaIoeNYFRAL" T NH
sate Pttle4an40 Naue$&Nedtui4S
seas ELSEii.e Pile Aaa; SiN~t lum$&NMaei$440 END IF
5439 CREATE DDAT Fl eries~

566O oitiooeoeootiio~ctceo..citi,.5670 1ASSIGN DUFFER 1-*0 PATH TO FILE*

5690 ASSIGN *PathI TO Filwlnma.S

5716 too CORRECTLY SIZE DATA VECTOR too

5730 REDIM XNdta-1).YiNaa~a-I),Z(Ndata-1)
5740 eeeece...eeeeeeeeoeoeoeeoeoooeeoe

5750 oeoeeeo. STORE JO0 LABEL o*oee*oe
5766 eoe.ooeo..ooeooeoeoeeooeoee~oeoeo

5776 OUTPUT ePath iJJobS
5760 1
5?90 I.##* STORE NURMER OF ELEMENTS too
5600 9 cccceeeece..eo..eoeee~eo.cceeoeo

5610 OUTPUT *Path IjN data

5630 Ieeeeeee STORE DATA ARRAY cceeeeeo
5646 !eeeoeeeec*oeeee*oe.oeeeeeeeo****

5856 OUTPUT @Path IgX(e),y(e)tZCe)

5676 !eeeeo CLOSE FILE AND BUFFER seer

5090 ASSIGN OPath ! TO 0
s596 SUDEND

5 9 2 0 I oc ec e e occc o ec escc oc e e e oo SU IR O U TItIE P R IN T OU T c eo o e eeec ec C e o e e g e e o
5936 ccecoceoeccoooeeooeoeeeeeeoaeeeeeeeeeeeeeeeeeeeeeeceo**eee*0*o*e*ee

5940 I. THIS SUBROUTINE PRINTS OUT THE DEARING AND RELATIVE _
5956 It CONTRIBUTION FOR EACH FREQUENCY COMPONENT IN THE 2IRECTIONAL -
5966 It SPECTRUM •
5976 |e.eec..ce .e..e.e.cc.eccccc..c.eeeocecoeeeeeeee*.ec*eee~eC
59S6 SUP Print eut(Frequmncy(e) Man ntudo(e),Phaa(e).N-dta)

5996 P~ie4oATN(i)
6o6e PRINTER 15 4
6610 PRINT CHRS(12)
4620 PRInT "eeeeo~oeeeeceeeeeeeeeeeeeeeoeeeoeeeceee~eeeeeeeeeeoeoe oe

.030 PRINT o.......o................ FREOUENCY MAGNITUDES AND PHASE ceeeeeeee

6046 PRiNT " eoee .eeeeeeee eee eoe e ee eoeeeeeoe e eo eo eeeeeeeeeeeteeeeeeee

6050 PRINT
6660 PRINT
967O PRINT "Frequency Magnitude Pha*e (Degrees)
$066 PRINT
60*9 FOR to6 TO N data-I
f10e PRINT USING Format IlFrequency(l),lMgnttude(I),Pha#e(1)eISU'Pt
S116 Form-at 1 IMAGE DD.JDD,IGX,9.DDDE,22X,SDDD.D
6126 NEXT I
6130 PRINT CNRO(12)
6140 PRINTER iS I
a150 SUoEND

S1TS 9e00ee eeeeeeeee.eeee SUPROUTINE PLOT FILE eeeeeeeecceeeeeeccccce
616609 ..e......eeeeoeee ..eee eoee...ceeeeo ceoeeeoeeeeeeeceeeeeeees*ee79
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4190 i. THIS SUBROUTINE ACCEPTS TWO DATA VECTORS AND PLOTS ONE VERSUS 0
6206 i. THE OTHER . THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN 0
6216 t. VECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTO- &
6220 It MATICALLY PROVIDED BY THIS SUBROUTINE • C

6240 SUS Plot flle(XdAae()oYdsti(o)tNplot.XminXoaxYninYaaxcgPoncH~ewSLblS)
6250 COM /Plo%_block/ Xs~cleYsc&le.XoffsqtYoffset
6240 ! * o* oetC'90..o.eso..eu.etof oo*e**e..*.*....e.ttt.t.e *9e.
£276 1ooo*oo~e0o**o DEFINTITION OF LOCAL VARIADLES eeeoeC00Coe

6210 4 Xdat&(*) I ABSCISSA DATA VECTOR TO PE PLOTTED
6300 Ydata(*) I ORDINATE DATfl VECTOR TO BE PLOTTED
4310 o Hplot i NUMBER OF DATA POINTS IH VECTORS .
4320 1 Xln ! SMALLEST ELEMEHT IN Xdata(e) VECTOR
4330 Xmax I LARGEST ELEMENT IN Xdata(o) VECTOR
6340 * Vain I SMALLEST ELEMENT IN Ydat&(*) VECTOR
6350 1 Ysax I LARGEST ELEMENT IN Yd&t&(*) VECTOR
4360 1 Penc DESIRED COLOR CODE OF PLOTTING COLOR
4370 1 HNow I ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
6308 UhitesI I DEFINE THE COLOR CODE FOR WHITE

4390 A co.or-Whit, f SET AXIS COLOR WHITE
4400 xTortus I DEFINE LEFT OF SCREEN (Plotter Units)
4410 Xrail120 I DEFINE X AXIS RAIL (Plotter Units)
4420 Xcenter-.4 I X COORD CENTER SCREEN (Plotter Units)
4430 Xright120 I DEFINE RIGHT SCREEN (Plotter tinttS)
444 Ybottoao DEF:NE LOWER SCREEN (Plotter Units)

6445 YraiI141 : DEFINE Y AXIS RAIL (Plotter Units)
4460 Ycentor*40 I Y COORDCENTER SCREEN (Plotter Units)
6470 Ytopo96 I DEFINE TOP OF SCREEN (Plotter Units)
6440 1 X denom f DENOMINATOR OF X PLOTTING SCALE FACTOR
6490 1 Y denom I DENOMINATOR OF Y PLOTTING SCALE FACTOP4500 oe...eo...oe~teooeooeeooeee~eoe..eoeoe~ee.eea..eieeee.....eeo

4510
6526 to* CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED o
6530
64540 IF Ne@wS'Y* THEN
6550 GINIT 1.5
6560 GRAPHICS ON
6570 PEN White
$580 VIEWPORT XlertXrightYbottoa, Ytop
6590 FRAME

6610 o• DRAW PRCPER AXES FOR PLOT1ING C
4626 !CCCoCCoC.oCtO.eoCCC~oCeo.004Co*,.

6630 IF XmIn(0 THEN
4640 IF Yaln(0 THEN Io .e,904040oo90CooC.C.oe*
4650 Xoffs@tmXcenter 1e FOUR QUAD AXES DRAWN HERE C

6640 YoffsetmYcerter IoCCo@so oCo.eoooeCC.Coee
6670 X_denoaun•x
4680 Y denom0Yvex
6690 CALL Axis_draw(XleftYofEsetXrightYoffsetA. olor,-Xesx,Xmax)
6760 CALL Axts drw(XoffsetYbottoa.XoffsvtYtopA Color,-Ya&xYtac)
6714 ELSE Ieooo.oeCeeCo*CCC.oC@o,*C.C*C
4720 XaftseteXcenter 1e */- X TYPE AXIS DRAWN HERE C
6730e YofsetuYrai I ICeoCC.CCCCeoCCCCCoe CO.CCOeeCeC

6740 X denoovXm"
6750 Y denosaYoax-Vain
6460 CALL Axis dra•(Xloft.YoEfsetXrightYoffCtA Color,-Xmox,Xa&x)
6776 CALL Axis dra&•(Xofset ,YbottoaXofrfst,YtopA color,YeonYtox)
4760 END IF
6796 ELSE
06es IF Yaln(O THEN Ioeoeooeosee. o.eoeoe*.a.

$310 XorfsetsXr4il 1C 4'- Y TYPE AXIS DRAWN HERE C

6290 Yoffset*ycenter ! *eeelo...*i...ee*iooee.oee
6830 X donoooXoex-Xeln
6840 Y denoe*YetK*Yotn
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6656 CALL Azlo~dC&XosetetYffet,Xtrtght,Yoea st,AtColor,Xulnn,X..x)
4 60 CALL Awls ýdraw(XoffestYbettouXoffs.e ,YtepA-co)@r,-YoaxtYm&x)
to?* Yoffseseybostem
6666 ELSE 0000000.te.eee e
6690 XoftsQsXrall It * ONLY XSY AXES DRAWN HERE o
6966 'Vo4fesayubnttow e*********0****
4916 Ndeno~mXmax-NXt n
6926 Y deno68Ymax-Yal~n
6936 CILL. A.wls dfaM(Xoftsut,YoEfse%,XrightYoffsot,A~colorXsln.Xax))
6946 CALL Axlosdraw(Xofrsot,Yoffset,Xoftsot,Ytop,A~c@olrYmlf,Y~aA)
6996 END if
6960 END IF
6976 Xsc &IWO(Xr Ighi-Xoffses )/X-deone
69660 Ysc alIg.CYt op-Yotfs*0 )Y~dfnoa
6996 END IF

7610 It DATA VECTORS PLOTTED BELOW

7636 PINUP
76410 CALL Scal~e(Xdata(6),Ydata(6),XminsXaaxYslnsYmaxXplot ,Yplot)
7696 OEM Penc
7666 MOVE X-plotY-plot
7676 FOR too to Nplot-I
7660 CALL Scal..(Xdata(l),Ydata(I),Xaln,Xioax,Yaln,Yaax,Xplot,y *lot)
7690 DRAW X~pl%,Y~plot
7166 NEXT I
711 MOVE xcon%*rYboS%,2f
7126 LDIR 6
7136 LABEL LblS
7146 SUDEND

71664 ... o.*@e.... SUBROUTINE AXIS DRAM *O*#O**O**40*

7166 It THIS SUBROUTINE DRAMS AN AXIS FROM THE STARTING COORDINATE TO 0

7196 !. THE FINA~L QHE .IT ALSO QUANTIFIES THE ORIGIN AND TERMINUS OF SAID .
7266 1* AXIS
7210 ..... O...004404*O*C4,90040000OO,040

7226 SUD Axis draw(Xstart,Ys%at-,Xflnal,Yflnal,Axis colorA mln9A Saw)
7230 PI~o4*ATN(1)
7246 Deltaa5
7250 PINUP
7266 PEN Axis-color
7270 PINUP
7260 MOVE Xetart,Ystart
7290 DRAW Xftnal,Yfinal
7366 PINUP
?316 CSIZE 3.8,.5
7326 CALL Rounder(A gin., 3.AS)
7336 CALL Rounder(A-max,11,AI)
7340 IF XstarteXtinal TNEN
7350 CALL Label it(Xstwr%-Delia~i'*tar%,Pi.z,2Axis~celor,VAL6(A0))
7366 CALL Labell i(Xfinal.Delta,Yflnal.2CDeha,Pi./2,Axis~colo,VAILS(AI))
7376 ELSE
73806 CALL LabelltCXst~rt,Ystart-Delt&,0,Axisacoloe,VALS(A6))
7290 CALL Lbli(fnl2~I&Yta-~t,,xsaoASA)
7400 END IF
7416 SUDEND
7420 9....4...aaaa..4aC&a~.~~.....a~aa0400
7430 ..... ~a*aaa SUAROUTINE LADELIT *i4CC.4**C.~O5*

7443 44444*00..O.40*.ICOC.OOO*C.OCC*O4*O8

7496 It THIS SUBROUTINE SIMPLY ACCEPTS THE CIVEN LABEL AND PLACES 1: WHERE 4
7460 It IT 11 SPECIFIED (9. X,Y LOCATION) AT THE GIVEN TILT ANGLE .THE PEN *
7470 !4 COLOR 'Pwnc' IS ALSO PROVIDED DY TNE USER . THIS SAVES A LOT OF o
7460 It REPETITIVE CODE C

7490

7566 $SD Labwl *t(X,Y,TJI l,P~nc,Strng$)

.. puf~fm. 6MMIAMAI~a81m
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7$10 PINUP
?720 mOVE X,Y
?330 PEN Penc
7146 LDIR Tilt
7156 LADEL StrngS
?560 PENUP
?570 SUUiND7560 9 0000000e004o040050004900000000400409000000000000e...eeoe.ee.ea..eea..oe

7598 *e0oe4eo 04e*o*oo *ooo *0e SUBROUTINE SCALER ogoooooooeooooooooooooe*.o7500 9oeoooooeooeeeoooeooooeooooeoooooeeea~eooo..eo...eeo.eooooooooeoo~oeoooee*

7616 1* -THIS SUBROUTINE SCALES THE DATA PASSED TO 17 FOR CRT PLOTTING *

7620 1* PURPOSES .7636 le..4e~e...o.*.*aoooe.ooo.oo*oo.loeooo**e.eie..eioooaoe......eeoeoloeoe•

7648 SUN Scalei(X.datt Y dat&aXein.XoaxYatnYmaxXptotpYplot)
7655 CON /Plot-block/ Xsfcle,Yscaie.Xoffset,Yafosvt
7660 X plotaXacale'(X data-Xnin).Xoftiet
7576 Y plotuYsc&lee(Y data-Yein).Yoffast
7600 SUDEND
7696 96000o00o0oooo0o00o0o0o0...ooooo..o.o.o.oo.oo....oo..oo..oeoe...oooo.ooo

7760e9 |e osoe eeoooeoeeoo SUIROUTINE ROUNDER *oooooooooooooe90Coooooooto
7710 Iooeteoeeooosoooeeteooooeeeoeoeeeooo

7726 1* THIS SUIROUTIHE ACCEPTS A NUMBER OF ANY SIZE OR SIGN AND *
7730 10 ROUNDS IT TO THE SPECIFIED NUMBER OF DIGITS . •
7740 9*oao0aoooooo****o*oo*oaooooo0*oooeo**o*ooooooooooeoo*ooe*o*ooo*eo*ao*oo

7750 SUR Rounder(X inputHHdigitoXirounded)7756 000ooo00oo4o0000o0oo00400o0oooo0o000o040o0o4040.00o0000ooo

7770 oooooooo0ooe DEFINITION OF LOCAL VARIADLES ee.ooooBoeooo

7790 1 X input I INPUT NUNDER TO BE ROUNDED
7881 Xumay I DUMMY VARIABLE USED TO PROTECT X input
7010 N - digits f MURIER OF DIGITS DISPLAYED AFTER-ROUNDING
7020 1X rounded ROUNDED EQUIVALENT OF X input
7630 9 Sign I NUMERICAL POLARITY OF ROUNDED NUMBER
7046 1 Magnitude I ORDER OF MAGNITUDE OF INPUT NUMSER
7650 9 Mainisa I MANTISSA OF NUMBER UNDER ROUNDING
7860 1 ARGUMENT I ARDRIEVIATED VERSION OF MANTISSA.
7070 9 400400*i0o0o0oo0o0oo00o0t0ooo4ooo0o00.,oot...o...g.C.0o0

7060 IF X_Nnput()O THEN
7990 X duamy&X Input
7960 SIgnwSGN(X duamy)
7910 X -dutvysA3O(Xdummy)
7926 MagaitudeslNT(LGT( dummy))
7930 Main 9 sSa&oduamy/(IMa~gnI tude)
7940 ArgumentaINTCRanti.saol0'(Ndigits-1))'1e^Hdigita-I)
7950 x roundedoSignoGrgumentoeS-Magni*ude
7966 ELSE
79?7 N roundedsX input
7906 END IF
7990 SUSEND
os60 90o40ooei00000e000000..0000000o04oo....o.ooioeo.eoiieei.ioeiei.eeieoiiie

6616 le**. *eoeeeooo.o. SUBROUTINE STATISTICS *.ooo.o'aa ee ee0eo*o
0006 9 eo0040o040004o0o0oo0e0ooooo4oioooo0o0o0o0o00o0o0400o00.0900***0o4040440

6636 94 THIS SUBROUTINE PROVIDES TNE MEAN AND VARIANCE OF A RANDOM 0
0040 1* VECTOR DEPOSITED IN THE VARHIABLE I Vector(*) . THE NFAN IS 1
$050 to DEPOSITED IN THE VARIABLE ' Mean I AND THE VARIANCE IN THE VARIABLE *
0O0e 1* Variance " , 0

607O 9 0*#***o**400o04000o0o04o0o&**0o0440000004o040o0o000o00o00o0o0o00404o0efsee0 Sup Stttlt ics(Vector(*),NvectorNean,Variance)
8090 9 00*40e*04o*oeotoo4400oo4od*00044oo*oo..oo'oooC.SooSe.oooe0.00o
Sl1e 9o'4oeoeeo.eeo DEFINITION OF LOCAL VARIABLES *eioooooo e

0120 9 Vect or(o> PSEUDORANDOM VECTOR TO ANALYZE
6130 ! H Vector I LENGTH OF PSUEDORAHDOM VECTOR
0140 1 MeAn I STATISTICAL AVERAGE OF RANDOM VECTOR
6150 ' Var I ant. 1 MEAN SQUARED AVERAGE DEVIATION FROM MEAN
6160 1 Sum bVector DUMMY INTEGRATION VARIABLE
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62669
6216 $us v~ctoree
0220 FOR 1.*J TO N-vecsor-I
6230 Iui %e*ctorSww yectov.Vectr( I)
0240 NEXT- .
6256 M&an*Sum v~ctor/N-v~c%*
32660 .e..............
6276 1* DEERMINE VARIANCE Of VECTOR*

026 Sum vactor-6
6360 FOR 1.6 TO N-vactor-1
6310 Suo *,ectorulum-vecto,-+(Vtctor(I)-Ntan)'^2
6326 NLXT T
0340 SUDEND

0366 VUBOUIN eINuumqctr'veR

636~ 9. THIS SUBROUTINE PERFORN A TRIANGULAR WINDOWINC OPERATION*
:33:0 9. ON TNE SUPPLIED VECTOR .THIS 1S A PRELUDE TO A FOURIER TRANSFCKM
6401 to OPERATION AND IS INTENDED TO REDUCE SPECTRAL SIDE LORING.

0426 9 SUD InceCotr.,vc r)

9470 Vactar(l).V~ctoe<I)0(1-2.(1-N vtctorz'2)",N-uctor)
$400 END IF
0496 NEXT I
m56 SUBEND

b
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22 Sep 1967 22o57t26

166es *ooeeeeeoeo**540oCeoeoo*o,,eeSe4*OC****o*,44o*,*4*4O44#&9*oobeo*4**4*e

lO1e ........ eee ..eee eeeo..eo PIOGRlMG SPIC DERIV so**#oooeooooooo*400*
1626 oIoeeee* ooee*eeOoo*4o**4 omeoegeeeeoieooe~eoooe.vegee#4*eeeotoeoee~eeo

1036 I. THIS PROGRAM GENERATES AND COMPUTES THE FOURIER TRANSFORM C
1046 9* OF THE SPATIAL DERIVATIVES dZ'dx AND dT/dy MID MRITES THE RESULT- *
1650 1 ANT-TO DISK AND THE PRINTER IF REQUESTED . a
1066 1 ..............................40*O~e~...........................
1676 DIM Zdxumag(4096),Zdy aag(4096),Zdx lSgh(4096),Zdy sigh(4096)
lees DIM NameS(163,Ns&e_azig*ClS,Nase sdw:(14.Na-,e sdy-st 1,JobSCOei
1090 DIM Phi(4096),Theta(4096),Dz dx(496),Dz dy(4S6)
1109 DIM Frequenc V(4096),Dummy(4096)
III, - RINT CHR$(12ý

11211 0*eleeoe eo **eooeeooeeome* eoeioioeeeeeooee
1131 e** **o. e o*I::: DiFINITIOH OF PROCRAM VARIAPLES eeeeoeoeeeee
:14i I*ee*eeooooeooooeo~eooooeoooooeoo..eooooe.*.oooo.eo..ooooeoo

Ie I Phi(*) I ELEVATIOHAL ANGLE OF UNIT NORMAL. (Radians)
1169 Theta(') AZIMUTHA. ANGLE OF UNIT NORMAL. (Radians)
1176 Dummy(S) DUMMY VARIASLE USED TO ACCEPT 2(9).
1160 Dg0dx(e) raPARTIAL DERIAYTIVE OF Z WRT X. (Ratiometrc)
1190 1 Dzxdy(e) I PARTIAL DERIVATIVE OF Z WRT Y.(R0 lometric)
1260 1 Zdxmag(*) I TRANSFORMED SPECTRAL MAGNITUSE OF Dzdx(e).
1216 I Zdymag(e) I TRANSFORMED SPECTRAL MAGNITUDE OF Dz dy(*).
1226 1 Zdx sigh(*) I TRANSFORMED SPECTRAL PHASE OF Dl dx(*).
1239 Zdy.sgh(#) I TRANSFORMED SPECTRAL PHASE OF DZ dy(*).
1240 1 N data I DATA POINT NUMBER IN TEMPORAL DATA STREAM.
1256 ! Npoint IN deta POUNDED UP TO NEXT POWER OF TNO.
1260 MwdiumIwUASIC/DATA FILE-
1270 PieO4*ATN(I)
1206 T_tanpleel/60 I TEMPCGAL SAMPLING INTERVAL. (Seconds)
1290 F a..ple.eO 1 SAMPLING FREQUENCY. (Nert1)
1366 ! Maea•_g$ I ANGULAR FORMATTED DATA FILE NAME.
1310 1 Mau._sdxt I FILENHAME OF FOUJRIER TRANSFORMED Dz dx.
1320 1 Nea_sdy$ I FILENAPS OF FOURIER TRANSFORMED Dz-dy.13360 *eeeeete0t0e6*etoteeeote4*eo004oe0oo*e4ee0e40te04eooo00ee5.

1340 INPUT 'Enter FILENAME of SOURCE DATA (Omit Extension) .... ",Has@S
1350 INPUT 'Enter SPECTRAL TRWICATION LENGTH ..... 1,Nshort
13690 Window -S=
1370 - A
1306 Name sdxSNames& _SDX"
I 390 Names sdyS.Namei&" SDY
1396

141: : 0 SOOT IN DIRECTIONAL ,AND VERTICAL SPECTRAL DATA .
142 a 04eoee04e00040000ab.( e.....e
1430 CALL Reedfile3(Naem ngS,Job8MediumH daa ,Phi (aTheta(*),Dummy(*))
1440 NH.Point*2INT(LOG(Ndat a)/LOG(2).I)
1450 I 04000#ooo*,4o0**e0e4*C***0e40eo04e4eoo*******
1460 e*00*0** COMPUTE SPATIAL DERIVATIVE VECTORS *****oe
1470 Ioeeeooe e4***oeo eooeooooeoeo***oeoeoooo
1466 CALL Mak @sIopes(Ph I(*),Theta(*), Ndat&,Dz dx(o), Dzdy(o))

1S5v 1* COMPUTE SPECTRUM OF SPATIAL DERIVATIVE VECTORS *
14IS90.404e040oe #0ooo4o00*5e*@o*e *@*@******o****o **o.oe*

1520 DISP Do**oes COMPUTING SPATIAL DERIVATIVE FOURIER TRANSFORMS *oo.
1530 17 Mwindow -- Y THEN
1540 CALL Nindowvr(Dz dx(o),H point)
15ca CALL Windower(Dz dy(o).N point)
1560 END IF
1570 CALL Fft'Dz dx(4),NpointPPieZ,4ximg(0),Zdxksigh•))
1589 CALL Fft(DZ dy(#),N point,PieZdy. mao(*),ZJy sigh(*))
1590 CALL F-eq base(N pointoN Short,FAbploe,Frifquency(O))SI666 10000000.e400*o004o.4eoeoeooooooos...'-eooeooeaee.oe

1616 '.oeo.eoo. OUT¶PUT DRTl 7fl DISK R11') PRINTER scoote*0

1620 g
1636 INPUT 'STORE Spectral Vectors 0-. DISK ? (YINj .... ,AS
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1640 IF ASCV THEN~~~~).Zdx --s 0)~)31 5 SdKS* Hr t f l 3 H m d Job$, Htd S~i w us , short , Freqo ency( a )oZduý0m (o

16s CALL 3
),Zdy_sigh(*))

1670 END IF
1600 INPUT 'PRINT-OUT Spectvr1 Components ...... *,AS
1690 IF As'.V THEN
1700 CALL Print ouiS(Frgquency(t)tZdxaa(e)pZdx stgh(e),ZdymO(o),Zdy.sI

qh(*).HShor%)
1?10 END IF
1720 END2730 Ieeoeeeeoeeeo*eieoleoeeeeeeoeeteoeoeeeeeeeg.oeteoe....e..........o.o..o..

2740 SUeoeo.eBeee.o..e..eo e SDUROUTINE FFT ****0000040000000*es40eve0*R1750 Ctoeo4e*e~e*eeeeooeeieie*eoeoeeooeeeeooeee~eo~eeoeoeeeeeoeeoeeoeoeoegooeo

1760 9. THIS SUBROUTINE PERFORMS A FAST FOURIER TRANSFORM ON THE 0
1770 It DEPOSITED DATA VECTOR I X Input(*) . THE REAL PART OF THE SPECTRAL 0
1700 i. VECTOR IS RETURNED IN THN VARIARLE " F rell() " AND THE IMAGINARY 0
1790 I PART IS RETURNED IN VARIABLE " F isgae(&) . IT IS IMPORTANT TO •
1000 I* NOTE THAT , IN ORDER FOR THIS FFT-ALGORITHM TO WORK THE NURDER OF #
1010 Io DATA POINTS UNDER ANALYSIS RUST IE A POWER OF TWO It

1036 SUS Fft(X |nput(O),Nipolnt.Ple.Maonitude(C).Phase(o))
1046 DIn Real 24096).lm (4096),Re (4096),1s 4 De_2(4096)
1650 Dim Ptin;*e(2048),Gindve(2049)
1060 REDIN Reel (.polnto1),Ia.I(Hpolnt-1)
1070 REDIN Real 2(N..olnt-1),Ismae_2(N point-1)
lo0 *AD
1090 Pte.46ATH(1)
1900 V pohntsiNT(LOG(N potnt),'LOG(2))191O 9 oe•leeeeeeeeoooeteieoeaee.oooeleOeeC.eeeseeee~eeietole

1920 1ssue* ORDER DATA VECIOR FOR INPUT OF TRANSFORM *oes**
1930
1940 CALL 3it| everse(x Input(e),Npotn.V potns,Re.11l(o))1950 )*o@i*4e0*0C4Coe•;e*00e00**e*eol -

1960 1o HULL IMAGINARY INPUT VECTOR .2970 **CCoColO**o*CeC'*toeloei

1900 FOR 1-0 TO N".n t/2-3
1990 ImageIt(I)-J
2060 NEXT I
2010 FOR I #tagesO TO V.polnt-1 I START STAGE STRODIHG LOOP
2020 CALL Butrterfl y(tNpolntV poinll st.te,P Index(e),Q index(s))
2030 FOR JDutterflyw TO Hepoint/2- T STRT BUTTERFLY STROBING LOOP
2040 !oeoeeeoeeeoeeeeeeeeeeoeeeeeee
2050 10 DETERMINE BUTTERFLY BRANCH POINTS *

2076 P:P 1ndex(J butterf1• )
20s0 QuO-1ndex(J butterfly)
2090 RpowereFNNodulo(J-butte rlye2^(Vioint-1-Iste),HNpotnt/2)
2100 CALL Pimaog(P)NotntRpouerW alWtaaq.
2110 CALL ProductompleN(MrellmigeReaiCg),Inaqel(QDU.UIDeaI

Dummy-image)
2120 CeCeeeeeeeeee..ee
2130 10 COMPUTE UPPER HALF OF BUTTERFLY C
2140 lee~ e oeeeeeeeeeeeeeeee.e..e
2150 Real 2(P)sRealI_(P)#Dusmm yeal
2160 Image 2(P)mlisge I(P)*Dummy Image
2170 9 COC*..ee.o.eleieoe1e•e.eeee
2160 10 COMPUTE LOWER HALF Of BUTTERFLY C
2190 oeooeeeeeoeeoeeoeeeoeeeeeeeee
2200 Real 2(Q)&Rel 1I(P)-Dumsy vreal
2210 ImasI 2(Q)mmaeI(P)-Dummy iage
2220 NEXT J butterfly
2230 ee.oeeo.o.eeeo ..eeee.e...e.
2240 90 UPDATE NEXT CYCLE SOURCE VECTOR a
2250
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2260 MAT Real laReoal2
2276 MAT imag.Is-Imaego2
2290 NEXT I stage
2290 9eeeooeeeeeoeeeeeeeeeoee..e...e...e
2360 1e DETERMINE MAGNITUDE AND PHASE OF SPECTRUM 0

2310 |e eoeo ee eeeieieiee iiiiee.
2326 CALL Maqjphas(Roeal2(e),Ioage 2(e),N.potntNant ude(e),Ph&*s(e))
2330 SUDEND.

2340
2350 *eeee...eeeeeeeeeeee e SUBROUTINE HAG-PHASE eeeeeeeeeeeeeeeeee
2346 0eeeeeeeeeeeeeeeeeeeeeeee ..eeeoeee ee.e.eee.eeee eeeeeeeee.
2370 to THIS SUBROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE COMPLEX 0
2360 f# VECTORS PROVIDED IN THE VARIABLES " X real(*) " AND " Xiage(*) "
2390 It THE RESULTING MAGNITUDE IS THEN STORES IN THE VECTOR R oag(e) -
2460 9t AND THE PHASE IS STORED IN THE VECTOR " Pphase(o) .
2410 *eeeeeeeeee eeeee eeeeeee eeeeeeeoeeeeeeee.eeeeeeee
2426 SUB Magphase(X eat(e),Ximae(e),Npotnt 1 Rmog(e),Pjpiae(e))
2436 Pte.4*ATN(1)
2446 FOR 1.O TO N point-l
2450 Ro•ag(I)wSQR(Xro& ,I)0Xeal(I)+X toge(I)eX fled1)
2460 IF X real(I)(>6 THEN
2476 Phase.ATH(ABS(X toage(I)/Xeroal(I)))
2466 ELSE
2496 PhasowPle/2
2506 END IF
2510 XstgnsSGN(Xreal())
2520 YhelgneSGN(X tmageI())
2530 IF Y sign).6 THEN
2540 IF X sign)so THEN
2556 P phee(I )sPh&se
2566 ELSE
2570 6Phas ll)sPio-Phas

2560 ENDT I)P*pe2590 ELfI
2600 IF X_sIgn)eS THEN
2616 Pphase(I)w-Ph&se
2620 ELSE
24639 P phase(I)sPhuse-Pie
2644 END IF
2656 END IF
2646 NEXT I
2670 SUIEND
2660 Ieeeeeeeeeeeeeeeeeeeeee.eeeeeeeeeeeee.....e...eeeeeeeee.ee.e.eeeee.ee~eee

2690 .ee.eeeeeeee.eeeee SUBROUTINE BIT REVERSE eeeeeeeeeeeeeeeeee e

2716 9* THIS SUBROUTINE PERFORMS A BIT-REVERSAL OPERATION ON THE 0
2726 1* DEPOSITED INPUT VECTORS INDICES . THIS IS IN PREPARATION FOR AN 4
2736 9* IN-PLACE FAST FOURIER TRANSFORM OPERATION . o
2740 e
2756 SUB 3Ittreverse(Vectorin(e),H vector,Njpouer,Vector out(e))
2746 DIM Index tn(14),Index out(16)2776 !e~eeeCeOse~eeeeoeeoeeeee~eeeeeeeeeeeeee~eeeeeeeeee~e..eeeeee

2760 ,eeeeeeeeeeeee DEFINITION OF LOCAL VARIABLES eeeeeeeeee
2790 eeeeeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeoeeeeee.
26096 Vector in(e) I INPUT VECTOR TO IE BIT REVERSE SORTED.
2610 Npoer I LOG BASE TWO OF INPUT VECTOR LCNGTH
2620 9 N vector I ACTUAL LENGTH OF INPUT VECTOR
2636 1 Index-in(e) t BINHRY INPUT VECTOR REFERENCE INDEX
2040 9 Index out(o) I BINARY BIT REVERSED OUTPUT VECTOR INDEX
2055 e vector out(e) I BIT REVERSE SORTED OUTPUT VECTOR

2986

2e70 FOR Is@ TO N power I MULL SIT INDEX WORDS
2000 Index fn(l)s9
2890 Index out(I)SO
2900 NEXT I
2910 FOR 1-0 TO N vector-I
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"292 If MO6 THEN
2936 CALL Inc-binarVcndox.In(*),Npowor)
2946 Ewo IF
29116 CALL Ref1411ecthIdox if(*lHNpes r.Indox~ou%(f))
2960 CALL "*seen(Inde; In(o),Npowsr,l input)
2976 CALL Sa*S.tem(inodex out (O),N~poiie.T outpuft
2966 b ......... *..e...o..e.
2996 too HT? REVESIED INDICES OPERATION BILLOW .*e

3014 Voctor out(I *utpuI )-VcS@.~in(I~inpivt)
3w26 HNeT I
3636 SUREND

36569 ****.*****o SUBROUTINE INC_8IHARY*.*4..*.e.o*.

3676 - THIS SUBROUTINE PERFORMS A BINARY IN4CREMENT OPERATION ON THE *
3666 if DEPOSITED BINARY VECTOR ' Word-Ieic(*) *AND RETURN$ THE RESULT IN *
3696 90 THE SAME VARIABL.E
3166!
3136 SUI Int:bInowy(Wordinc~o),Njoweor)
316 0 arry-flagoo
3136 0-nflogms
3146 1.6o
31S6 WHILE Dono.31.go6
3166 IF Is@ THEN

*3176 IF Woro inc(l)of THEN
3166 Mordjflc(I)S

3196 sone-fEaa~l
3266 ELSE
3216 Word *nc(Iu6D
3226 Zarry flagoI
3236 END IF
3240 ELSE
3256 IF Carrej~#i~go T141N
3266 IF Word Inc(I)w* THEN
227f Word Inc (I )w1
32.., D604 fl £. I
3296 ELSE
3366 Word inc (I)-*
3316 Carr-yt1Ison
3326 END if
3236 END9 IF
3346 END IF
3350 1.1*1
3366 IF IstH-ower THEN
"376 Done-flovgl
3300 END IF
3396 END WNILE
3466 SUREND.
34169 !9e,,*4.....e....ee.oeeeeee..ee.oe.ee
34269 .eeeeeeo.ee. SUBROUT INE REFLECT e*.eqe..*ee*o

3446 to THIS SUBROUTINE TRANSPOSES THE POSITION OF THE BITS I" THE INPUT0
3456 141 VECTOR TO OPPOSITE POSITION$ WITH RESPECT TO THE C9NTROI2 OF THE*
3466 90 BINARY WORD 0

3496 FOR 1s6 TO NJpowor-I
3506 Word out(I)w~ord inNpwo-0
3596 INeT T -C~~rI1

3526 MEDND

3546 0.....e...e. SUBROUJTINE DASE TIN *....4e00**.0
2385 ,1.CO******
357609 tEN TISTECED.TNEDE TNENUMBE Il DEPOSITED BINATHE VECTRIL TO ouA 09
3566 t TE ITHCIS -H BASIE CONVET NUM ER1 REPOSITED BINARYE VECTRIAL TO A IA
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3560 I eoee000e0e0e0eo000e004e0500054e00050o500000000500004#.5540050oo45500eo

3390 SUD Sa*. tan(W rd In(o),NHpo WePX ot)
3600 X out*03610 FOR to TO N power-I

3620 H oUt.X out*Mord tn(1)*2'I
3430 NEXT3 I - --
3640 SUDIND
3650 *Oe~eee.*.OOe.eeoeeoooeooo00000000000040o0e0040o005440o0000000o0000400o

3440 ISeUeBeRoooe.oeooee SUIROUTINE SUTtEAFLY DUMMY e 0#seeo *00ogo
3670 feeooo0eooooeo **oo0eoeoeoeoooeooeooeeo0eoeoeeee44.ooooo*.oooe00eesee
360 10 THIS SUBROUTINE GENERATES THU NECESSARY INDICES DEFINING TH? 0

3490 If DUTTERFLIES WHICH PERFORM THE IN-PLACE COMPUTATIONS OF N FART ?
3760 If FOURIER TRANSFORN
3710 I oeooeet.0090...00.eflo,.......to......o0oo00t000ot009400i00000....

3726 SUB But rtl y(Hpolnt 1 Vpoint, Stge,Pco),(0))

3?40 so0•**s0*0e90•e DEFINITION OF LOCAL VARIABLES *oeoooo*eooe0e
3750 * 00 4*000000040000500o054*eo0*50000000000000f050t09o9
3766 H osiris NURIER OF POXNTS IN FOURIER TRANSFORM
377 Vpoint I LOG BASE T1O OF NUMBER OF TRANSFORM POINTS.
3780 St&go I STAGE OF TRANSFORM VECTOR PROCESSING
3796 1 $pan I WIDTH OF ROM SPAN OF BUTTERFLY .
3060 N buttertly I NUNDER OF DUTTERFLIES IN TRANSFORM STAGE.
3010 f N cross I NUMNER OF DUTTERFLI1$ FOUND .
3020 1 Upcross I POSITION OF UPPER DUTTERFLY BRANCH.
3630 1 Low cross I POSITION OF LONER DUTTERFLY IRANCN
3640 1 P(o) I 'F' INDEX OF BUTTERFLY IN cross'
3656 1 0(9) 1 O' INDEX OF BUTTdAFLY 'N cross'3806 0.eO...oeee0oe4004oseo...Os•..eeoe4o•••.e~e•••4ee•4eoooe.eeoe

3070 Spanal-$Stao
3080 I4e••s4.ooeee•e..o.e••e*•••••

3090 If DEFINE INITIAL BUTTERFLY 5
3906 |I .eaJs..O...iIJ 5•*~**OO*5*i

3910 Upcrots-8
.1920 Low cros.Span
,9,0 Hc r *1o-
3946 JIF Span) INCH I TEST OUT CASE OF STAGE ZERO"50 S 4 M1u N cross<i. oit,2,-Ppan
3960 FOR !-Up¢cross To Low-Cass-1
3970 H croso4M ;r-oss*1
3906 PTNCros&T..
3990 OCX cross *I.$par
4660 NEXT 1
4010 Up¢croassQ(N cross)*l
4020 Low cross-Up crossOSpen,
4630 END MHTLE
4640 ELSE
4050 FOR Io TO N potntz2-I
4641 P(I)&2oi

4000 NEXT i
4090 END IF
4100 SUDEND4110 |0O.40o.0.0.0.*.105.0o.*401000o995...*•44..s4..so....o0.e0*4o405*0**4•O*

4120 Ioeoeeeeleoeeoeeeeo~eeeee FUNCTION MODULO ee.eeeoeeoo0e00o0oetoooee
4130 |e0oo000oe0400049oe400eeee400004440ee0000e0eoe4oee0e304900e04eeeeoe0eoeee

4140 If THIS FUNCTION RETURNS THE MODULO VALUE OF AN INTEGER
4150 If ARGUMENT WNT THE MODULO LIMIT SPECIFIED AS I Mod Msa" * 0
4 1 6 0 1 * * * *toe o 0toe oe *oe e ee5o e0o e*o*ooeeo e o so ooe e e e e e e o 4 e o e 0e e e o e 0 e o
4170 DIF FNHodulo(NumberMod wax)
41i6 DummyiNT(Nuaber/Mod OZ)
4190 N mod*Numbep-lusey'k-Mocsam
4200 R[TURN P'ao4
4210 FNIDP
4220 I 000000goS0060040geo0oo404 50g50000050 00000100 00000405500e4to
4230 !eoeeee0eee4-0e040eee SUIROUTINE PRODUCTCOMPLEX *.@e.ooe0..oeo0eeeoeee
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425 .TI SUR ? Ef PEFOM AOMPLEX MULTIPLICATION OPERATION ON THE0
4266 14 DETPOSITED I X rEal4 0 X imag &9 ANDI , Y reel * Y image I INPUT
4276 to AR:IAPLES* AND" 'RETURNS THE RESULT- IN TWE VARIlABLES*
4266 It IZeal *2isag

4366 SUN Product cooplexCX~r*al ,X lmaqeY real *Y-iaqeZ~real ,21o&ge)
4216 of.....e.ee****** eeeo*,e.*eSC.0*0Cea*~ee
4320 *eeee.e DEFINITION OF LOCAL VARIABLES*.e .e.C *

434$ 1 X e.a; I REAL PMRT OF FIRST INPUT VARIABLE
4350 ! Xtimage ! IMAGINARY PART OF FIRST INPUT VARIABLE.
4360 1r Yreal i REAL PART OF SECOND INPUT VARIABLE.
4376 Ylma~g# IMAGINARY PIRT OF SECOND INPUT VARIABLE
4366 Z-real 'REAL PART OF TNE PRODUCT OF INPUT VARIABLES
4396 Z~ia~go IMAGINARY PART OF PRODUCT SUM OF INPUT VARIABLES

4416 2raaja#~el(Xmgelae
4.426 Z1 ia~gex rSI *YI mage.X~l mageY real
4436 SUDEND

4456 8 **44*O,~e40.e SUBROUTINE PNASOR *~ee.*e*e*O*e
4466 19 0ee~.C.e4* *00e*C00 #0 00 C*400000 000CC*0*0*CC*04 *CCCC4
4476 to THIS SUBROUTINE COPIPUTES TNE REAL AND IMAGINARY PARTS OP AN
4466 It EXPONENTIAL UNIT TRANSFORM PNASOR RAISE3 TO THC PONER 'Rjpowtr.

4566 $SU PhaaorCPl@.H,RMNrealN Image)
4510 M realoCOS(2ePlv#R'N)
46526 N tmageutlN(2#PiooR'N)
4536 SiONEND

4556 e.eeca.eee*C SUBROUT INE ZERO FILL*eC CC4040C*CC
4548 1 ........ 0.401.C Cas* #* of04*01CCI649060o go0ESOCC#a 00 to
4576 of INIS SUDROUTINE EXIENDS TNE LENGTN OF THE RECORD TO TNE NEXT a
4568 19 HIGNEST POWER OF TWO BY FILV491G 1341 REMAINDER NITA4 ZEROES

4606t USU Zero ffll(Dussv(*)qHNin.Neut)
4618 V hi.INTClLOG(N1,n)zLOGC2)) I COPPUTE POWER Of TWO OF DATA RECORD.
4626 N ou.2-(V_4n.1) I INCREASE RECOR& LENGTH TO NEXT HIGH-
4636 9191M Dwosy(N~ovt-1I) I 1ST PWER OF TWO
4646 FOR I.N~in TO N out-I
4656 Dummy(I)*6 I ZERO FILL REMAINDER OF DATA RECORD
4660 NEXT I
4676 SUDEND

4690 ee.e..e6.eee SUBROUTINE MAKIESLOPES*..eeeee.eeC
47661 #*000 4 0 eeeeeeie0ee~eeCeeeeeeeeeee0*o* *0ee 909e3eb0C1* &s
4716 !. THIS SUBROUTINE GENERATES THZ SPATIAL DERIVATIVE VECTORS
4721 It FROM THE ANGULAR FORMATTED NAvE COMPUTER DATA FILES

4746 SUjB NIek *,f I pes(Phi (0) ,Tht~ea<0) , Nda&, Dz.dx(o),lz~dH( 0))
4756 FOR I.6 To Hdaa-I
4766 Dz..dx(I).-TAN(Phi (I))#COS(Th*%4a(I))
47761 Dz..dy(I)u-TAN(Phi (I))*SIN(ThvA(I))
4766 NEXT I
4796 SUDEIND

46160 e~O.cCCe*tCe SUBROUTINE 1WRITEFILE3...e.eOO Oee* 4

4636 19 THIP SUbROUTINE ACCEPTS THREE DATA VECTORS Of EQUAL LENGTH AND a
4646 If WRITES THEN TO A DISK STORAGE FILE UNDER THE FILENAME SPECIFIED a
4656 f9 DY THE USER

4606 DIM FIle nameSt,491
46969 ee.....0e.eeeeeeeeeee.Ce~eCoo~c
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4900 .4.*.*.. ***s.@99D DEFINITION OF VARIABLES *oo*e*oo*o
4910 .Oe...ooo .@..o.oo oo .*OOo.eoo.@o.eoo*o**OO*.oo@ooo **.O
4920 1 NameS I NAME OF SERIKL FILE CREATED TO RECiIVE DATA
4930 6 Jobs I DESCRIPTIVE JOB LABEL OF CONTAINED DATA
4940 1 Mediu$S I ADDRESS OF RASS STORAGE MEDIUM
4950 1 H data I NUMBER OF DATA ELEMENTS IN EACH VECTOR

4976 iee.e e.oeve eeee oe.oe.
4966 1s CREAVE DATI' FILE FOR STORAGE ,o
4990 00.eeoeoeeoeoeeoee eoooeoe.
5000 Pile SIzeuINT(20N data/9)
566 IF AdiumIuIIIITEIHAL" THEII
5020 Fitlenoaaefeakae&MtdlumS
5030 ELSE
5040 File n&Ae~sMedlumG9N&aeS
5656 END IF
5040 CREATE &BAT Fite naa.6,PiI. size
9670 Io......e.eo.oooeooooea*.ooooe4.e

5660 I ASSIGN SUFFER 1e0 PATH TO FILE *
5O96 leoeoe.eoe.*ooooe.*eoeaoaeoeoeoeeo.

5106 ASSIGN SPath I TO File s-aoSf
5ilO Io4eoa~o.,ooeoeeo.*...eooeoooo4eo0

5120 I* CORRECTLY SIZE DATA VECTOR 0*.
5136 I@.oeeoo**oo**oo**o.4*o***4*o444eo

5140 REDIM X(Ndata-1),Y(H das-1).2(Ndala-1)

5160 Io*.oeo* STORE JO LABEL oooeoo
5170 I@•o,*oo*,o900*oo**4oo*oo*4*@oO4•9

51•6 OUTPUT OPsthiJobS
5196 @CO@.t.t.O.@4*O*..4t000004*.9t**.C

5260 10o0e STORE NUMIER OF ELEMENTS *..
5 216 Ioeoeo@o*ieoe@oeoooootteoieoeeO**9

5220 OUTPUT *Path fN "A&a
5236 .e*oooeo....*ooeoooooo .*oooe eeoe..

5240 o4.o*tOo STORE DATA ARRAY oo0o*#*'
5256 !.4ooo.Cee.oooo oeeoe9o.4e.**..
5260 OUTPUT #PathlgX(o),Y(o),Z(*)

5260 1000er CLOSE FILE AND BUFFER go.eS
5290 I .etooo.eoeeeeo.e.eoeetoooeoeeoee..

5360 ASSIGN OPathl TO C

5316 SUIEHD
5326 I.C.*......O.....4..*C4*OO.O .Cfg~ SOlOe~OllOEOCClOClO**OOJ O*ClllOCCOCCCJ

5330 I .Coee.oe9eeooeooo e. SUBROUTINE READFIL93 *ooooCo*oooo *oooo *ooo
5340 I OeoeoooC*eo*Oeoo Io.CoCooeoCo.oe0oe*CCoooCoo**oCoCoCeeoOeoeoooeeCo*ooCo

5350 It THIS SUISRUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF C

5360 to EQUAL LENGTH ALD PGOTS THEM INTO THE DUMMY VECTOPS X(o),Y(o),Z(e). C

5366 SUD Redtl.3(Nae6.job$,MedlumS.Ndata.K~o),Y(e),2Co))
5390 DIM File nat"eSI40
5406 9 IIIOOOIOOe*.40*IC*O.O4CG**COO*OOIIO***CC*CO5****~IIOCO*O OOeCO*O
9410 eeoooeooeoD11,41TION OF VAOIADLE8 S ieeooooo

$420 Names 1 NAME OF SERIAL FILE CREATED TO RECEIVE DSTA
5440 Jobs I DESCRIPTIVE JOB LASIL OF CONTAIN90D AYA
5450 1 edium$ I ADDRESS or "As$ STORAGE MEDIUM

546 1H data I HUMIER OF DATA ELEMENTS IN EACH VECTOR

$406 oeeoeeso~oooeeoo

5496 1 ASSIGN SDFFER 1/0 PATH TO FILE a

5510 IF Modiumsge'INTERNAL' THEN
,!A File naaeU*Naw.9I.Med~wts
WS3 ELSE
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5540 ASSIGN @Pash I TO file name$

550 t9...o.e READ JOB LABEL 9**tee O*

56S0 ENTER IPPth I;Job$

5420 1#** ENTER HUMDER OF ELEMENTS oes.
5420 l*oe.oeoooooo.eeo...oeooeo..ooo..*

548 ENTER •Pth I;H data

5466 1#* CORRECTLY SIZE DATA VECTOR toe

5460 RESIN X(Nodata-I),Y(N d&ae-t),Z(N data-I)

57041 1***#** READ DATA ARRAY Oooo***
5716 9.499999949*9t9949999999.999909994

5726 ENTER $Path llXK(),Y(*),Z(o)
57)6 9...eo~eoooeoooe.Coeeoeooeooeoeeee

5740 1*9O* CLOSE FILE AND BUFFER eeec

5746 ASSIGN SPath I TO e
5770 RESDI X(4096)wY(4S96),Z(4094)
5700 SUIEND
5790 l..9eeeoeS*eoeeoeeeeeeee*eeeeeo eeeeeeeeeoe.e#e.eeoeeeeeeeoe.* --
5080 l*499C94e94o9eOe CCoo SUBROUTINE PRINT OUTS e
5616 9e...eeeooeoeee.eoeoeoeoooe.eoeooeoeoeeo.eeeo.eoeo..oeee9e.eaeeeoeeeooe.
5s20 to THIS SUSROUTIHE PRINTS OUT A SIX VARIASLE DATA TABLE ON THE c
5630 to LINE PRINTER * C

05O0 SUD Print euI(NXI(.),X2(o),X3(o),X4(e),XK(*),Hprint)
5040 PRINTER I1 4
5070 PIt-40ATN(i)
5000 PRINT CNR0(12)
5690 PRINT
590e PRINT

5916 PRINT -e0*09Oteeto*eooeeoeoeeoC*9*C9.o6oo o 9.9@9C99O*e.oo*O

5920 PRINT *eeeeoe..o.o SPECTRAL COMPONENTS OF SPATIAL DERIVATIVES o00*0

5930 PRINT eoeeeeeoeeeeoeeo eeeeeeeocceeeeeeeeeeeeeeoeegeeeee
eeaee...eQ~eoo

5940 PRINT
5950 PRINT
5940 PRINT "Frequency MAG F(dZ/d%) PHASE F(dZ/dx) HAG F(dZ/dy) PHASE

F(dZ/dy) *
5976 PRINT
5960 FOR 1se TO N print-I
5990 PRINT USING Format IIXI(I),X2(I),X3(I)el6O'Pie.X4(I),XS(I)*1O0'P~e

0660 Format-Is IMAGE IX,DD. DDD, sX, D.DDE, lSxRDDD.D,0XD.DaE,?X,SDDD.a
4601 NEXT I
4626 PRINT CHAS(12)
4036 PRINTER IS i
4046 GUSEND
4056 |ee.eeoeoedc...b.99.ooeeoeeeooo.egeeeoase...e.e.eeeeoeeee~eeeooe.eee.etes

4OS 9..eeoooeeeooe..ee.eoee SUpROUTINE PRIG BASE oeoCooeoeee.4o 999oee
4076 1 o
40o$ to THIS SUBROUTINE COMPUTES THE FREQUENCY BASE VECTOR FOR THE &
46090 it RESULTANT OF THE DIRECTIONAL FOURIER TRANSFORM ' o

4jSO 9@e9.go99.4**9*.94...oo9.9999..*oeoC.o.oC.9eCCseCCCeeC4eCeCe*o9oCeee*94e
611O SUU Freq b& ,.(Npoint,NH requencyP saapl.,Frequency(e))
4120 F dolt IF s.aple/ po ntn

4130 FUN 1-6 T3 N frequenc y-1

4140 frequency(T)eeFP doits
4150 NEXT I
4146 SUSEND "

417•6
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*66 e *..oooooe.*.e****ooseo. SUBROUTINE PLOT FILE •4**o*o*eoo**oeoooeoo
6190 eO**eo~oo.e40*eoeo.o. ***o*o*.o**oo*eoo*o*.**o..* oooooeo*eo*oooo**m*o*oo

6200 9' THIS SUDROUTIHE ACCEPTS TWO DATA VECTORS AND PLOTS ONE VERSUS •
4210 9. TiE OTHER .THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN C

4226 1* VECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTO-*
4236 19 MATICALLY PROVitED BY THIS SUBROUTINE . •
6240 9o*Coeoooo 4oeoCooo1eoOO4*ooseeoooeeoCoCoooo *o9oCCooo*ooooo
6256 SUB Plo~t -fl (Xdata(C),Ydat&(o),Nplot.XminXaao.YoinYe&xPencN*w$)
6260 CON ePlot block' Xscalo.Yscle.,Xoffset.Yoffset
6276 CCoo*oooooooCooeooooooCeoeooooooo *eoooooooo~oooe C*eoeooooo *

6260 lee.ooooeoe DEFINTITION OF LOCAL VARIADLES *oeoeoeoo
6296 *oooeooeeCooooeeooee..C.eo..oeooooo.eo**te**ooCoooCeeoooooe*

6326 1 Xdata(o) I ABSCISSA DATA VECTOR TO SE PLOTTED
6310 9 Ydata(o) I ORDINATE DATA VECTOR TO IE PLOTTED
6326 9 Nplot I HUNUER OF DATA POINTS IN VECTORS .
6336 Xin I SMALLEST ELEMENT IN Xdata(o) VECTOR
6348 9 Xmax I LARGEST ELEMENT IN Xdata(*) VECTOR

6350 1 Yan I SMALLEST ELEMENT IN Ydata(f) VECTOR
6360 1 Vmatx I LARGEST ELEMENT IN Ydita(O) VECTOR
6370 1 Penc I DESIRED COLOR CODE OF PLOTTING COLOR
306 HNewS 9 ORDERS THE ROUTINE TO CLEAR THE GRAPHICS

6396 White-I f DEFINE THE COLOR CODE FOR iWITE
6404 A €olor.White 9 SET AXIS COLOR UNITE
6416 xoTt-@S f DEFINE LEFT OF SCREEN (Plotter Units)
6420 Xrail-20 I DEFINE X AXIS RAIL (Plotter Units)
6430 Xconto9u44 I X COORD CENTER SCREEN (Plotter Units)
6444 Xrighte12o I DEFINE RIGHT SCREEN (Plotter Units)
6456 YbOttosOe 9 DEFINE LONER SCREEN (Plotter Units)
6460 Yrailml6 I DEFINE Y AXIS RPIL (Plotter Units)
6470 Ycenter*46 I Y COONDCENTER SCREEN (Plotter Units)
6446 Ytopm96 I DEFINE TOP OF SCREEN (Plotter Units)

6490 9 X denos f DENOMINATOR OF X PLOTTING SCALE FACTOR
6500 1 Y donos I DENOMINATOR OF Y PLOTTING SCALE FACTOR
6516 IoeoCCoeee o CO*9EeeCeeooeeOeee eeee eOIOe
4526 2 CoeoeeoeoeoeoooeeCoooeeeeoeeoeee
i536 9t* CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED *

6455 IF NewSmsY* THEN
6566 GINIT 1.5
6576 GRAPHICS ON
6566 PEN Nhlto
6590 VIEMPORT Xle~tXrlghttYbottom,Ytop

6666 FRAME
6610 9ooeeee.o.oe eeeoeeeo...
6620 to DRAM PROPER AXES FOR PLOTTING .

9640 IF Xmin<S THEN

6656 IF Yain(e THEN
4660 xoefset*xNonter to FOUR JUAJ AXES DRAWN HERE 0
6670 YOEfset8Yconter IeCe C.*.*...e8eeo..ee'o
6606 X denOmeXmax
6690 Y deno.Yuax
6706 CILL Axis draw(Xloft, Yoffset ,Xri ght ,YfftectpA~color,-Xaax, Xuax)
4710 CALL Axis drw(Xofrret ,YbottoaXotesotYtopc €olor,-Ymax,Ymax)

620 ELSEo
6730 Xoffset*Xcentor I. *.e X TYPE AXIS DRAON HERE a
6740 YoffsessYrall eeCeeoooo oeeo oe oeo
6750 X OenomoXmsx
6760 Y-denomuYswx-Ymin
671' CAL, Axis draw(XItotYoffset.XrighttYoffsetA color*-XmAxXmax)
6766 CALL Rxis~drw(Xoffset eYbottot, f Xofset, Ytopq MColoroYal noYm&a)
6790 END IF
0666 ELSE

W6s1 IF Ymin(6 THEN 9.CCeo.o.oo ..e.CCC.o.CeCCoC
4026 XOffSet"Xrtl i" 1 +/- Y TYPE AXIS PRAWN HERE 0
6036 YofesetsYcentor 9eeooeee.eeee ..eeeoeee..s..
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6646 X donomeXmx-Xmfn
6656 Y~donomaYmax-YmrnI
6866 CALL Axis d..*wCXofftsotoyfsct.XrightYof(seIA.colorXSiifl,~S~x)
6670 CALL Axis-draM(XoffaetYbottoa,Xoffset ,Ytop,A-C@1@,-Yrnv'.Yoax)

6696 ELSC -

61966 Xaffse%=XraiI IC ONLY XI.Y AXIS DRAWN HERE t
6916 - voffset.ybosttom IC*OO*CC*CCCOOCC
6920 X denemmXmax-Xmrn~
6936 *Ydenorn.Yrna-Ys In
6948 C'ALL Axis.draM(XoffsetYoffset ,Xright,Yofset,A colaf%,Xbif,X&&x)
6956 CALL Axis .drw~a(Xoffset,Yo1fs~tX@Ufset,Ytop,A5O~lcr,VmIfi,YBx)
6966 END IF
6976 END IF
6966 Xscsleu(Xu-igh%-Xoff~set'X~denom
6996 Ysc~lfw(Y%0P-YOE5.~t )'Y~dvne
7666 END IF

7626 to DATA VECTORS PLOTTED BELOW

7640 PINUP
7656 CALL Scaler(Xdata(6),Yda~a(6),Xmin,Xnax,YrinnYra~x,XJiot,Y-PIot)
7666 PEN Penc
7676 MOVE Xplot,Y,,plqt
7666 FOR .6G TO Nplot-1
7696 CALL ScsI.'(Xdata(I ),Ydata(I ),Xrnln,XsaxYrin#nYoaxgxplot~yplot)
7166 DRAW X-P1.t,Y-Plot
7116 NeXT I
7126 SUDEND

7146 0 ***..C*.** SUBROUTINE AXIS DRAW .4CCCCOC5*SCC

7166 It THIS SUBROUTINE DRAWS AN AXIS FROM TNE STARTING COORDINATE TO99*
7176 It THE FINAL ONE .IT ALSO QUANTIFIES THE ORIGIN AND tERMIkN.; OF SAID
7166 I. AXIS -a

7266 SUD Axis ,diax(Xssar%,YstartXEinaI ,Yftnal,Axijicolor,Atain,Amoax)
7216 Pjqw4*ATN(I)
7226 Del%&=5
7236 PINUP
7246 PEN Axia Color
7256 PINUP
7266 MOVE Xstaat,Ystawt
7276 DRAW Xfina1,Yfinal
7266 PINUP
7296 CSIZE 3.S,.5
7266 CALL Roundeur(A - int3,AS)
7316 CALL Ro~andoe,(A S&X,3,AI)
7320 If XstartmXffrnal THEN
7336 CALL Labelit(Xstart-Delt..Ystart.Pie'2,Axis~coIor.VALS(A6))
7346 CALL Label It (XfinaI -Dot ta,Yfinal -209*1 f ,Pie,'2,Axi~c~l~r.VAL#(A1 ))
7356 ELSE
7266 CALL Labelit(XstarsYstart-Delta,6,Axts color,VALS(A6))
7370 CALL Lbli(~nl2~laYts-CI,.x5OO.ASA)
7366 END if
7396 SUDEND

7416 I1CO44*COOC5C SUBROUTINE L419ELIT s.....@5*CCCC*O

74260
7436 It THIS SUBROUTINE SIMPLY ACCEPTS THE GIVEN LABEL AND PLACES IT WHERE*
7446 It IT IS SPECIFIED (io X*Y LOCATION) AT THE GIVEN TILr ANGLE .THE PIN*
7456 It COLOR 'Pencl IS ALSO PROVIDED BY THE USER . THIS SAVES A LOT OF
7460 It REPETITIVE CODE

7486 SUD Label It(X,Y,TI lt,Pvnc,StrngS)

7496 PINUP
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7500 MOVE X.Y
7510 PEN Penc
7526 LORI Tilt
73S5 LABEL StirngS
7540 PENUP
7?56 SUBEND - -
7566 Io.eeeo.e..o...o.....o..ee...eo.......eeeeee.eeeeeee.eeeeeoee..eeeeoe'oo
7537 SUBo4-eeeeeeeeoeeee SUBROUTINE SCALER e2eoeeeoeeoeeoo ***e****
7130 9 eee~eoeeooee*eeeeeeeeeeoeeoeeeoee*eeeeeoeee**eo*eoee*e*eeeee*e**oee~eeoeee

7590 I. THIS SUBROUTINE SCALES THE DATA PASSED TO IT FOR CRT PLOTTING *
76T6 Is PURPOSES

7626 SUB Scaler(X datY dstatXminmaxYmintYoaxXplotsYplot)
7636 CON /Plot block/ XaYscale,XotfsetYorlret
?646 X pljOtXscalee(X d&s,-Xmtn).Xotfset
7650 Yplot*Yscle*(Y-data-Ymin).Yoffset
7666 SUBEND

7600 9ee*o**0eeo**********.oot SUBROUTINE ROUNDER oeeoee e.oo .ooe .oe ..o.o

7760 Is THIS SUBROUTINE ACCEPTS A NUMBER OF ANY SIZE OR SIGN AND *
7710 9s ROUNDS IT TO THE SPECIFIED HUMBER OF DIGITS •7720 9 ........ q..........*e *.....oe ....o*oeeeeeeeeeee .e.eoee.eeeee.e.eoe.eo0e

?730 SUB Rounder(X.Input N dIgItsX rounded)
7740 .eeoeeeeeeeeeeoeeeoeeee ..eee.e.eeeeee0e.eoeee.eeoe e
7756 DEFINITION OF LOCAL VARIABLES *eeeeeeeeeeeee
7760 9 .e...eoeooe...e.....e ...e..eo.ooo.oeo.ooo eeooe.....eooeee

7770 9 X Input I INPUT NUMBER TO BE ROUNDED
7700 1 K dummy I DUNMY VARIABLE USED TO PROTECT X Input
7790 1 N digits I NUMBER OF DIGITS DISPLAYED AFTER ROUNDING
7000 X rounded I ROUNDED EQUIVALENT OF XI Inut
7010 1 STgn I NUMERICAL POLARITY OF ROUNDED NUMBER
7020 1 Magnitude I ORDER OF MAGN!TUDE OF INPUT NUMBER
7030 1 Mantissa I MANTISSA OF NUMBER UNDER ROUNDING
7840 1 ARGUMENT I ABBREVIATED VERSION OF MANTISSA.
7050 Ioee eeee......eo.e~e~ee....eeeeeeeee.eeeeeeeeeeeeeeelee.ee

7890 IF X Input<>6 THEN
7070 X dummyaXI tnput
7606 Sgn-$GNC(X dummy)
7090 X dumamyeAST(xdummy)
7906 M!gnitudemlNT(LGT(X dummy))
7910 Mant isse-Xdumm•y(lI'M&Onitude)
7926 ArgumentuINT(Mantissael6'(N digits-t))/I^(NHdi9its-I)
7930 X roundeduSIgnoArgumentolO^Ragnttude
7940 ELSI
7950 X roundedwXtnput
7960 END-IF
7970 SUBEND
7906 00 0ooooo0ooo0oo0o0o**0.e o.4.*..e.40000e*.eeee0eeeeeeeoeeeoeoeeeee00oe
7990 eeoeoeoeooeeeeeeee . SUBROUTINE NINDONER oeooeoeoeoeeeoeoee.eo
SO066 leo.eeeooeoeoeeeo~ooeeooeo..e...........e.oe*.oeeoeeooeoeooe.e~eeeoeoe

sets to THIS SUBROUTINL PIRFORMS A TRIANGULAR NINDOWING OPERATION 0

S020 10 ON THE SUPPLIED VECTOR . THIS IS A PRELUDE TO A FOURIER TRANSFORM 4
0030 1* OPERATION AND IS INTEHDFD TO REDUCE SPECTRAL SIDE LOSING •
8046 ... eeo e.ooeo.eooooo*o.....eo...e.oe.0e0eeeeeeooeeeeoeeeeo.eoeeoe.ee

0056 SUB WIndower(Vector(e),HNvector)
006O FOR two TO Nyvecter-I
So67 IF I<NuVector/2 THEN
se60 Vector(I)oVector(l)*(2#j/N vector)
0696 ELSE

1o6o Vector(I)sVector(l)O(1-2.(I-Nv•ector/2)/N .ecsor)
oil END IF
0120 NEXT 1
0138 MUBEMD

I
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161 .s~ss~e~e~e.e~~s...ePRO RAN DIR FFT***sse:e*e..se....*

1638 5 THIS PROGRAM BOOT$ INA NLULAR FORMATTED SEA SURFACE FILE o
16:46 : AND PERFORMS A DIRECTIONAL FAMST FUIR NT!SINt *TI

1056 If OPERATION MILL TEND TO EMPNASIE9 THE SHORTER WAVELENGTH COMPONENTS. o
l6ss It THE RELATIVE CONTRIBUTION FREQUENCY AND DIRECTION OF EACH COMPONENT 0
1070 1. I THEN IDENTIFIED FROM THE ARRAY 'Spectrum(#,*), . THE RESULrING e
1666 FREQUENCY, DIRECTION RND RELATIVE CONTRIBUTION 1S TNEN STORED ON o
IS9@ if DISK FOR LATER USE
tie1s
1116 CON /Fouritrf Spoctrum(512,36),Frequency(512).Dtr@ct~iof(3g)
1120 DIM Phi (496S).That&(40%S), V4096),guomy,(312)
1130 DIM Integrend(4686),Magnlsud@(4686),Pham@(4686)
1140 DIM StaringC312),ReIo cont(512)
1150 DINMNamskalS21,9Name.:net 163,N4asoe04J16163, ModiumSC293 9JobSC6S2
11Its$ *se5e~5Ose*s*5***5***.*****~5*
1370 se..ee~ DEFINITION Of LOCAL VARIABLES*4ees.es
11es I O555e55e555eO4*`O5*55O55 **5e**595Of***
1196 1 Phi(*) I ELEVATIONAL ANGLE OF UNIT NORMAL. (Radiansa)
1206 1 Tnesa(*) I AZIMUTHAL ANGLE OF UNIT NORMAL. (Radians.)
1210 1 Dumoy(s) I DUMMY VARIABLE USED TO ACCEPT 2(o).
t220 1 Sp*ctrue(*,e) IUNIT NORMAL DIRECTIONAL MAGNITUDE SPECTRUM.
1236 ! Frequoncy(s) IFREQUENCY ORDINATE AXIS OF SPECTRUM.(Ne-tz)
1246 I Dtroction(o) IUNIT TEST VECTOR ANGULAR DEARING. (Degrees)
1256 1 Integreaid(o) I NORMAL PROJECTION OF TEST VECTOR.
1296 1 Magno sude(s) ISPECTRAL MAGNITUDE OF PROJECTION TRANSFORM.
1270 1 Ph&&*(s) IPHASE SPECTRUM OF PROJECTION TRANSFORM.
1206 1 3.aing(t) I ANGULAR DIRECTION OF MAVE FRONT. (Radians)
1210 I R*)_cans<*) I SPECTRUM RELATIVE CONTRIBUTION OF COMPONENT
1306 1 N data I NUMBER Of DATA POINTS IN TEMPORAL STREAM.
1310 1 N:ýPoint 1 N4 data ROUN4DED UP TO NEXT POWER OF TWO.
1326 1 N direction I NUMBER Of TEST DIRECTION VICTOR STEPS.
13301I N short I TRUNCATED SPICTRAUH COMPONENT LENGTH.
1346 1 0D9a40a 1 ANGULAR STEP SIZE OF TEST DIRECTION VECTOR.
1356 F-samp1eeSS I WAVE COPPUTER SAMPLING FREQUENCY. (No.4:)
1366 T sasp to .F osaple I TEMPORAL SAMPLING INTERVAL. (SeCando)
137@ PTeU4*ATNCI)
1396 MedIuomz*2ASIC'DAMTA FILE/11 DFINTIOM Of MASS STORAGE MEDIUM.
1396 1 Nase InS I ARGULAR FORMATTED SOURCE DATA FILE.
1,486 1 Name outS I FILENAME OF DIRECTIONAL INFORMATION FILE.
1416 1 esee*es*ee*,eese~eesSsess.~,
1426 PRINT CNRO(121
1430 INPUT "Enter FILENAME of SOURCE Data File . (Omit Extension>)... ,Nase
1446 INPUT 'Enter DIRECTIONA% ANGULAR STEP SIZE (Degrees) ... ,D gamae
1416 INPUT 'Enter TRUNCATED DATA STREAM LENGTH . ... *,N shor%
1466 Window $-IN*
1476Nd?0 to-N(16'gsa
1400 Name Ing.Nameo&I w"61
1490 Name out SoNameS&kV DIR*
1900 CALL-ft*dfIIe2(NMeoInldobl,MediumS.N..data, Phi(*), Theta(*), Z(o))

1936 CALL Zero fiIlh6(iht~),N data,W~poInt)
1546 FOR I -@ TS N diluection-1

15se DISP eese OPERATION 0j1NT(160eI'N direcIon)gI PERCENT DONE oses

1576 Dlrect ion(t).osI games
1oss GaamaeDlv~ctlon(T)oPie,156
1590 CALL In% egrand(Phi (0) 9The&&(*) qPIj oi nt,Gmama, Intograid(0)
1e66 If Window $mYl THEN
isle CALL wTmdower(Integr&and(*),N~jFInt)
1620 END if
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1630 CALL Frt(Integrand(e),N).ont,'I.M.nttude(e),PhaS(*))
1640 CALL Stuffarray(Man~ttude(e),N short,!)
1650 NEXT I
1660 CALL Freq base( Npolnt N shortF sa ple,Frequency(*))
1670 CAlL Ftnd.poaks(preque.nc(e),Dtrec;ion(o),Uearlng(O),Relcont(*),N short,

NdireCtton)
1600 INPUT .STORE Directional Spectrum on DISK ? (Y/H) ...... AS
1690 IF Ase"Y" THEN*
1700 CALL' Witef|le3(Na.moouSS,JobS,Nedus$,N short,Frequency(*),BearIna(*)

*Re1 contt*))
1710 END IF
1720 INPUT 'Dump Directional Spectrum to the PRINTER 7 (Y'N). ,AS
1730 If A$.'Y" THEN
1746 CALL Print out(Frequency(*),Bearing(O),R*e|cont(*),NShort)
1750 END IF
1790 END
1770 .o.....o....OO4****O**O*O*'*44***4 4
1760 SUBRO.eeeee *ee* eeeee* OUDROUTINE FFT .eeeeeeeee*eeeeeeee*eee*eee*
i796 ,e*.e.eeeeeoee.e...o.eeee.e*eeeeeeeeeeeeeeeeeeeeeeOe~eeeoeeeeOeeeeeeeOee

les to THIS SUBROUTINE PERFORMS A FAST FOURIER TRANSFORM ON THE *
:010 It DEPOSITED DATA VECTOR I X tnput(*) '. THE REAL PART OF THE SPECTRAL t
1020 to VECTOR IS RETURNED IN TJH VARIABLE " F real(e) " AND THE IMAGINARY *
1630 1* PART IS RETURNED IN VARIABLE I F Imago(*) I IT IS IMPORTANT TO *
1640 10 NOTE THAT , IN ORDER FOR THIS FFT ALGORITHM TO WORK THE NUMBER OF
1050 It DATA POINTS UNDER ANALYSIS MUST 3E A PONER OF TWO If 4

1070 SUN Fft(X input(*),N pcint•Pie,Malnitude(e),Phae(*))
1050 DIM Real 1(4096),Image 1(4096),Real2(4096),Ieage2(4096)
1090 DIN P -ndex(2040),4 index(2040)
1900 R1DINReelI(Npolnt-1),mase9l(N pont-1)
1910 REDIM Real_2(Njpoint-l),Imagqpe2(N point-1)
1920 RAD
1930 Pie-49ATN(I)
1940 V.pointmINT(LOG(Hpoint)/LOG(2))

1960 1#e0d* ORDER DATA VECTOR FOR INPUT OF TRANSFORM D*'Oee
1970 ****************************

1900 CALL Bit reverse(XInput(e),Npoih•,VpointRea3l(*))
1990 o
2000 it NULL IMAGINARY INPUT VECTOR 0
2016 Ieeeee.e ee.eeeeeeeeee**eee
2020 FOR 1*0 TO Np04oit/2-1
2030 Image_1(I)=e
2040 NEXT 1
2050 FOR I stagoe. TO Vjpolnt-1 I START STAGE STRODING LOOP
2060 CALL Buttorfly(Hpolrt,VpolntI at&q*P indeo:(e),Oo ndex(*))
i0@0 FOR J butterfly-eTO N polnt/2*- I TART DUTTERFLY STRODING LOOP
2000 Ieeooeeeoeoe** eeeo*e*eo*eeeeeoeeeeeeeeee

2090 1* DETERMINE BUTTERFLY BRANCH POINTS •
2106
2110 PoP tIudex(J -butterfly)
2120 ego Index(J butterfly)
2130 RpouereFNNodulo(J-butterflye2^(Vpoint-I-Istaq*).NHpoJnt/2)
2140 CALL Phsor(PINpoin&,Rpower,W real,N image)
2150 CALL Product INonp.vx(w reaN~mageReal1(O),Image1(O),Duhmyfrel,

Dumy image)
210i Ie~eoooeeo~eeeoeoeeeeee eeeeeeeoeeoe~ee

2170 It COMPUTE UPPER HALF OF BUTTERFLY *
2100
2190 Real 2(P)uReal 1(P)*Dummy real

2200 lasgso2(P)ulmag, I(P)*Dumo__imag*
2210 Peoooeeeeoeoeeeooeoeoe..eeeeeeee
2220 It COMPUTE LONER HALF OF BUTTERFLY 4
2230 laeoeoeeeseeeeeeeeO*eeeOee****
2240 Real_2(O).Real_3(P)-Dummyreal
2250 Image 2(0)mlmage_l(P)-Dummyimage
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2260 NEXT J butterfyIV
2270 goe.e e........o.. e***##*****.*
2200 :0* UPDATE, NEXT, CYCLE ,SURCE VECTOR .o-

2300 MAT Real-Rtal12 /
2310 MAT lmaO. I.Ie.ag.2.2
2329 NEXT IXstag,
23301 tooeo.ae ..eeoeeeeeeee eeeoe.o.soeoeeeeeeeoe
2340 1-1 DETERMINE MAGNITUDE A4ID PHASE OF SPECTRUM *
2350 o
2360 CALL Ma.ph"e*(Real 2(4'),Imge 2(e),N potnt,M&nmtud.(e),Phas.(e))
2370 SUNEND /

2391 SUBRUTIoNE MGee eeqoooeee UOUT* 4 0 4 4o PHASEo o eoee eeeeoe

2400 !.eeo oe.oe.oo.o.e.o, eeoee.eeoooeeoeeeeeee
241: I. THIS SUDROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE COMPLEX 0
2420' VECTOHSI PROVIDED IN THE VARIABLES 'X real(*) 'AND ' matngec.) '.*
2430 to THE RESULTING MAGNITUDE IS THEN STORED IN THE VECTOR R-4Ag(0) a
2440 *. AND THE PHASE IS STORED IN THE VECTOR " P phas(*) " ,

2460 SUB Magephash(Xr&&I(*),X X ag#(#)pN IOnt,R mag(),P phaseCo)
24?0 Pio.4*ATH(I)
2400 FOR 1.0 TO NpoI t-I
2490 Ra 0 I)-gRReat(I~oXreal(I)4Xi|oq.(I)oX iageCI))
2500 IF X realKi)(. j HEN ---4
2510 Phas..ATN ASS(X taae(I)'X reaI(I)))
2520 ELSE
2530 Phias-PI /2
2540 END IF
2550 XK signSGH Xreal(l))
2560 Y sIgn-SG XIaege(I))
2576 IF Y sign -0 THEN
2506 IF X a gn)eS THEN
.590 P-qhSse( I )*Pt
2500 ELSE
2cle P •haso(I)OPte-Phase
26.0 END I,
2611i ELSE
2643 IF i otgn)s* THEN
2650 Ppphase( I )--Ph"s*
2660 ELSE
2670 P *h"#e(I)@Ph"ae-Pit
2600 END IF
2690 END IF
2700 NEXT I
2710 SUDEND
2720 ee!eooee oeeeeeoeeeoeeeeooeeeeoee ee eoeooeeooeeeooeeooeo
2730 *oeoee eeoeoe e.o SUBROUTINE lIT REVERSE eeooe*0eo*se*oeoee4o
2745 I*4*44*o04o00oeo0ooe0e00oo40o4*04o*oe40e4ee0e0oeA04***eeoee049eee0e*eeoe

2750 ,* THIS SUBROUTINE PERFORMS A SIT-REVERSAL OPERATION ON THE *
2760 *I DEPOSITED INPUT v&CTORS INDICES . THIS IS IN PREPARATION FOR AN *
2770 'e IN-PLACE FAST FOURIER TRANSFORM OPERATIOm .
2700
2790 SUS Oft rever..CV.oorln(o),Nv•ctor.NJO~.rVoctor out(0))
2900 DIM IMd~ xtn(tE),Indewogt(I6)

2020 oe*eeee..o.*... DEFINITION OF LOCAL VARIABLES oeeo.e*00-.e.

2040 Vector In(*) INPUT '4ECTOP TO It $IT REVERSE SORTED.
2050 N_pover LOG IASE TWO OF INPUT VECTOR LENGTH
2060 Huector ACTUAL LENGTH OF INPUT VECTOR .
2670 Irdexl,(#) BINARY INPUT VECTOR REP¶REHCE INDEX
2890I Index out() DINARY SIT REVERSED OUTPUT VECTOR INDEX
2090 Vectorout(o) SIT REVERSE SORTED OUTPUT VECTOR

2916 FOR 1.6 TO N powter M NULL SIT INDEX WORDS
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2926 Index 1n1[).6
2936 Index out( )eO
20°; NEXT I
2956 FOR 1.s 10 N uector-1
2964 IF I<>O THEN
2970 CALL Inc bfpary(Indox in(D),N power)
2900 END IF
2990 CALL Reflect(Index tn<e),N powefIndex out(e))

3006 CALL Pae ten(indem tn(e),Npower.I Input)
3616 CALL Indeten( ex-.out(#),N"pow*r tJutput)
36269 *****4C,440******Oe*C
3036 lee BIT REVERSED INDICES OPERATION DELON .*o
3640 9 .eeov~eooooeoeeeeoooeeeeeooe.eoeoeoeoeee eee

3050 Vector out(IXOutput).V.Ctorlin(!l nput)
3060 NEXT I
3067 SUSEND
3806 eOeooeoeoeoeseeeoogooeeeeeeeeeoeooooooe..eoeoeooeooooeeeeeeeeeoeoeeeoeoe

3090 *eeoeeeooeeoeeeooe SUIROUTINE INC -INARY eooeeeeeeeeeeeeeee*o
3106 Ooooeeeeeeoe*oeoeeoooeeeeeeoeeoeeoeoeeeeeooeooeeeeeeoeoeteeoeoeeeoeeeeoeeo

3116 It THIS SUBROUTINE PERFORMS A DIARRY INCREMENT OPERATION ON THE *
3126 IS DEPOSITED SINARY VECTOR " WordtInc(*) " AND RETURNS THE RESULT IN *
3130 IS THE SAME VARIABLE .
3146 9 eeee~eeee••ooeoeee.eeeeeeeeeeeoeteoeloeeoeeteeeeooooetee.eeeeeeeofeeeee

3150 SUN Inc binery(Word Inc(*),NPower)
3160 Carry-rTfaee
3170 Done*_jlra
3180 1O
3190 MIILE DonelaigeS
3266 IF IS$ THEN
3210 IF Word Inc(l)ao THEN
3220 Uord-_nc(I)at
3230 Done oieals
3240 ELSE
3256 wordlinc(I)al
3260 CarryP 1,4.1 -
3270 END IF
3260 ELSE
3290 IF Carryfleg-l THEN
3360 IF Word Inc(1)*6 THEN
3310 Word inc(I)al
3320 Done fla-.
3330 ELSE
3340 Nord Inc(I)OS
3350 Carry(laeg-l
3360 END IF
3370 END IF
3366 END IF
3390 101#1
3406 IF IaN power THEN
3410 Done* E&180
3426 END IF
3436 END WHILE
3440 SUDEND

3440 SUBeeeeeeoeeeeeoeeeeee SUSROUTINE REFLECT eoeeeeeeeeeeeeeeeeee oo
3470 0oeeeooeeeooee*eeooeegeeeeeeeeoeeeoeeee~eeeoeeeeeeeeqeeoeoeeeoeeoeeeeee**eeee

3460 IS THIS SUBROUTINE TRANSPO$SE THE POSITION OF THE SITS IN THE INPUT e
3490 to VECTOR TO OPPOSITE POSITIONS WITH RESPECT TO TNE CENTROID OF THE *
3560 !0 BINRRY WORD * C
3516 o eeeeoeeoeoeee...oee~eeoeeeeoeooeeoeeooeeeo.eeetteoe.e~eeeetoeeeeee~eeeee

3520 SUN Raetect(Wordtn(e),NHjower,Uord_out(e))
3536 FOR 1.0 TO HNpower-I
3546 Word ou( I)8Word ln(Ed power-I-I)
3550 NEXT T
3560 SUDEND

3576 I ete..ee...e&...e..oea..o~eoee~98..eeeoeeeeeeeo eeeo
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3560 f****O****9e0***@oeo SUBROUTINE SAIl TEN *toosore..oe~so..... s3596 9*oooeI*oe.eeo9o40o0oeooeeo.*O4oo*#eooeo.....o.ee ... ,o .*o.o...o...o..oo

3600 9. THIS SUBROUTINE CONVERTS THE DEPOSITED BINARY VECTOR TO A BASE 0
3616 o, TEN INTECER.TNE SASE TEN NUMBER IS RETURNED IN THE VARIABLE "X out'.*
3626 eeeo*eo*********.*.***..*.************.**.**.*.*.**.....*.*.*.*.*.******

3630 SUB Ias* ten(Woril~ln(o),NoopePrXout)
3640 X outlu
3650 F5R 1-0 10 N pioe.I
3660 X o@ut.Iout#Word IR(I)•2^I
3670 NEWT I
3600 SUDEND
3690 eeeoeoooe**oooe*ooooooooeeeoeee@oeeoeeeooeoeeeooee.ee
3760 *o...e.....*......o.... SUBROUT INE UTTERFLY e.....o.eeo ...oo .h..0
3710 I
3720 to THIS SUBROUTINE GENERATES THE NECESSARY INDICES DEFINING THE 0
3730 !9 BUTTERFLIES WNICH PERFORM THE IN-PLACE COMPUTATIONS OF A FAST o
3740 to FOURIER TRANSFORM .
3756 |oloe.oeeteq*Co*ooeo~eoooe**aeoootgeet*footeeofe...a.......o..eoiet~e~o.

3760 Sus sustt.ly(NIpotftvYpointoStage,P(0),G(*))
3776 00|0044000000oo00o0.oeeee*.etfo...ote..eoettto..*.Oeoll*.itoto.

3706 te.s.oresos DE91NITION OF LOCAL VARIARLES oeo..o..oeoe.379690*00O0e0 eooh*oeoo 0o 00*0*Og0.**0*ooooeooooeee eooeooeoooooeooo00

36O6 ! Njofnt I NUMBER OF POINTS IN FOURIER TRANSFORM
3 10 I Vpot*i I LOG ASEE TWO OF NURDER OF TRANSFORM POINTS.
3020 Stae, I STAGE OF TRANSFORM VECTOR PROCESSING
3030 $pan I WIDTN OF ROW SPAN OF BUTTERFLY .
3040 1 N butterfly I NUMRER OF BUTTERFLIES IN TRANSFORM STAGE.
3650 1 NcPoss I NUMBER OF BUTTERFLIES FOUND I
3060 0 UP Cross I POSITION OF UPPER BUTTERFLY BRANCH.
30?6 I Low cross POSITION OF LOWER DUTTERFLY MRANCH
3000 1 P() I "P" INDEX O BUTTERFLY IN Cross"
3090 I g(e) "I '' INDEX OF BUTTERFLY "Nceoss"
3960 *09004tt~904#9#0#0905000o09090*0oooeooeo000eo~oeeeeooCooooeo*

3930 to DEFINE INITIAL BUTTERFLY 0
3940 00o0o0oo 00000o00oo00.oooe ,
3950 Up-cross-O
3960 Low Cposs.Spai
3970 N c".s.-I
3900 1? Span)> THEN I TEST OUT CASE OF STAGE ZER0

3990 WHILE N CrPO*(N polnt/2-Span

4010 NCrOss.cCrvso.I
4020 P N CrOsl)0|
4030 0(N-cros*s).ISp.,
4040 NEXT I
4056 UpocrossoO(Ncross)*l
4066 LOu cro@sa0 p crosa*Sp&n
4070 END HIE
4600 ELSE
4690 FOR Is6 TO N potnt/2-1
4100 PoIIu20I
4116 O(1)62*1*1
4120 NEXT I

4136 END IF

4146 SUIEND

I*e........t.t...t....t..t FUNCTION MODULO *tlot.ll.tt.leettlllottlltl

4.. THIS FUNCTION RETURNS THE MODULO VALUE OF AN INTEGER

4196jI ARG4UMENT IRT THE MODULO LIMIT SPECIFIED AS ' Mod saxn' 0

4216 DEF FNModulo(Numblr.ood max)
4226 DumayalNT(Humbor/'Mod ean)

4230 NHmodtNumb*r-bummyoMod max
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4246 RETURN mHued
4250 FHEND

4276 .e@*ee.eeeeSDUTN PRODUCT COMPLEX *@**: O00*.S@0

42:0 It THIS SUDROUT'IHK PERFORMS A COM4PL*EX*** MLIICATO OPRTO ONTH
4360 *. DEPOSITESD '. rea * X image I AND ' Y-rea1 * Y ~imag I 7PINPUT*
4310 It VARIAILE 40D RETURNS THE RESULT IN Th ARIADLES*
4326 14 ' Z ical + Z~ia~go
4336 1 of9~ ~ o a#*
4346 SUB Product~coepl *x(Xvetal ,X~i &agogYveaI,9Y.1saqe, Zve~alZtm ave)

4360 .ee...e.DEFINITION OF LOCAL VARIABLES***CC400

43660: al RA PAR Of FRS IN1PU VAIAL
4396 1 Xmls&9 I IMAGINARY PART OF FIRST INPUT VARIABLE.

4466 Y..) R AL AT OFSECOND INPUT VAR IA:LIE
44169 fYV =90 IMAGINAY PAR oF ECOND INPUT VARI"DLE
4420 1 2 r0.1 I REAL PART Of THE PRODUCT OF INPU T VARIRULES
4438 1 2 loago I IMAGINARY PVCRT OF PRODUCT SUM OF INPUT VARIABLES
44460
4456 ZrvlXr.. 'ecl *Vea ime ae
4466 2_lsaq..X voalo; i sageoK s&geoY real

4476 SUEN

4490 9 ............0400004...e too#TNEPAO ..... ~..e.~e*e
441 . TI SUIR 06IE OP TES NTE PHSREA N MGNR AT FA

4520 '.EXPONENTIAL UNIT TRANSFORM PHASOR RAISED TO THE POWER -R~pwowr '

0.330 .......00000eOCOOOOOCOO*000000000000000

4540 SUS Pao(Pse,,W roealtWimage)
4516M_#a Wre.OlC2OP"eCR'
4566 W~lsaeuSIHC29Plv*eO')

4590 940.e.400*..00*0000 SUBROUTINE ZERO FILL O*@ ,000000.e
466600 00*00e00.e0ee000e*04O.04.e0eeB~e0~e
461; 9 THISSUIR;OUTINE EXTED ThEELENGTH OF THE RECORD TO THE NEXT
462 90IGHEST POWERO Two S FI!LDING THE REMAINDER WITH ZEROES
4636 900000000000000000404044004000000000

4440 SUB Zoro.(tlI(Duemy(t).N..In,MHoUt
4656 V -inmINT(LOGCN~ln)/LOG(2)) 9COMPUTE POWER OF TWO OF DATA RECORD.
4640 N oui62-(V in*])) INCREASE RECORD LENGTH TO NEXT NIGH-
4676 RIDIM Dussy(Mout-I) E ST POWER OF TWO
4666 FOR ImM~ln TO N out-i
4690 Dussty(I)RO I ZERO FILL REMAINDER OF DATA RECORD
4706NX9
471 SU BEND

473090000000ee.oe SUBROUTINE INTEGRAND*eoeeeeOCO009

4740 %.RCORDS OF THE FSEASURtFACE UNIT NoRMAL ANGLES 'Phi' ANDM'The~ta'O;
4776 .THAT IS , TNa FOURIR TRANSFORM 3S L ATER TKEN OF TH SIN OF
4766 I 'Phi' MODUlLATED S:Y A DIRECTIONAL GAUSSIAN SIFTER WITH 'That&, ANDI
470 9. &Ga AS ARGUMNT RER TO SCIN ENTITLED'etp9at~
4600 90 ofWSW* Dire t on 'IN MAIN REPORT FOR RELATES THEORY.

4020 SUS Integrand(Ph$ (4),Theta(0),PieN~pointGaamaVector(0))
4630 RAD

486 ............0.e...000000 . 000... 0
41:a !*Ph1%' CI ELVATIOAL*6ANGLE OF UNIT NORMAL
46800 The ta(*) AZIMUT HAL ANG6LE OF UNIT NORMAL;
4698 Oett& LINE 0OF ACTION ADJUS TED ThetVI
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4900 1 Hjpoint I LENGTH OF TE"PORIL DATA RECORD TO 29 SIFTED.
4910 G464 * CURRENT SIFTING DIRECTION AZIMUTH ANGLE
4920 I Sigma S STANDARD DEVIATION OF SIFTING OPERATOR
4930 1 Vector(*) I RESULTING DIRECTIONAL FOURIER INTEGRAND
4940 Iee.eooo0oeoeeoooeeeeeo..eeete.ooeo.e*.eoe....a.teoe...
4950 FOR I%@ TO Njpolht1l
4940 Vector( I)mSIH(PhI (I) )OCOS(Thota( I )-Gaama)
4970 NEXT I-
4900 SUDEND
4990
sees !******.e..** *****e* SUBROUTINE FREO GASE *BASE .. *****.*...*ooooo**5610 g oeoo*C*OS*4*oooooeo*@*eoo*O4*o*Coo .*Co*6***44***o4*e*o*o*oooT*4**4o*o4

5020 It THIS SUDROUTINE COMPUTES THE FREQUENCY SASE VECTOR FOR THE a
5038 10 RESULTANT OF THE DIRECTIONAL FOURIER TRAHSFORM .
5046
05056 SU Froq.bae(HPointoi frquenc, F siaplo.Frequency(*))

5060 F delo& t mrIm'Npoin-
5070 F5R 1*o T3 N frequoncy-1
5006 Fre*umncy(T).I*F dolta
5090 NEXT I
5160 SUIEND
5110 99*0
5120 1eeo...ee.I.Ce* ..e SUSROUTINE STUFF ARRAY oto* eoe**o.tee o

5 140 If THIS SUBROUTINE INSERTS THE DEPOSITED COLUMN VECTOR INTO THE .
150 !4 ARRAY SHOWN IN THE COMMON BLOCK 'FOURIER' .

SIES !*#*4*e4*O~*eoOegeOeeoeeeoeoeo4*4*o*ooo49o~eo4oo*e****O4eeoooee**o**oeg4o

5170 SUN Stuf'farray(Duomy(),MNdum'o.Kcolu.n)
510 COM /Fourier/ Spectrum(512,36),Froquency(512),Dtrectlon(36)
5190 FOR I*@ TO N duaby-l
5200 Spectrum(IK coluan)uDumfy(1)
5210 NEXT I
5220 SUPEND
5230 I eoeeete~oeee~ootleoeeeeooeeeoooe*4eoeeooe~ogoeeoeooooeeeooteo****eoeooeog

5240 *.******************* SUBROUTINE FIND PEAKS *eoeoeee .o .eoo o

5268 It THIS SUBROUTINE DETERMINES THE LOCATION OF THE DIRECTIONAL #
5270 10 PEAKS IN THE SPECTRUM FOR EACH FREQUENCY COMPONENT AND ALSO *
5260 1# DETERMINES THE RELATIVE CONTRIBUTION OF EACH FREQUENCY COMPONENT5296 IO .eOe. IO*aoe..aa *aaa**OaOae*Oa**aOaOO ee* ae*OO oe*.OaOOOI aOaOeae**e**Oa**

5360 SUP Fi ndpeaka(,requency(o)oDi rction(*),S erIng(*)al €ont),Nror ,c

5310 DIM Dume1 (256)
5320 PI*-4§ATH(1)
5330 Sum- opec.
5346 FOR IwO TO H row-I
5350 CALL Pull vecor(Dummy(o),H column,I)
5360 CALL Peok detact(Duminy(e),HNColumn.alxmumwIlmaximum)
5376 3lorIng(i;*DiroctIon(I maximum)ePio/'10
5360 SUNmpeQC*Sin apqc*Maxi;mU
5390 ReI cont(I)aMexioum

* - 5400 NEXT I
5410 tOW leO*9*Oe@.O*@.O,@.Ot.40t,,
5426 It SCALE RELATIVE CONTRIBUTION VECTOR *
5430 * . eo *eee.e*.* aaaa.*e
5440 FOR 10S TO H row-I
5450 Rot cont(T)-eNl cotit( 1)/Sub opec
5466 NEXT I
5476 $UPEND
5460
5490 'e.eo. o.le.. o. SUBROUTINE PULL VECTOR * oee eo.*eo.oe

5516 a THIS SUPROUTIHE PULLS A ROW VECTOR FROM THE MATRIX IN THE *
5520 'a COMMON STATEMENT BELOW. THIS RON VECTOR IS RETURNED IN THE VARIABLE o
5530 '* " Dummy,#) f * a
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5556 BUD Pul l-vC %Or (DUMMY (f). M~usay. Kfow)
5:46 CON /Fouritor Spec true(C512.36), FvoclencyC512), 11r'ect Ion(36)
S576 FOR 3.6 TO N dummY-I
SSS6 Dummy(J)s~p~ctrum(K~row. )
5590 NEXT J
5666 SMIND

5626 0 .a....ee~. SUBROUTINE PEAK-DETECT*OO *e*****O*4

5646 10 THIS5 SUBROUTINE FINDS THE MAXIMUM ELEMENT IN THE VECTOR *
5650 It' Dummy(*) 'AND RETURNS IT IN THE VARIIADLE 'Maximus' ALONG WITH 0
5666 It ITS INDEX IN THE VARIASLC I I-maximum

5660 SUI Peak det oc t(Dummy (o), H dummy, Max Imsm,1 m~exI sun)
5690 Maximum-$
5766 FOR 1-0 TO N dummy-I
5716 IF Dummy(l)1)axtmus THEN
5720 MaxleumoDUmmY I)
5736 1 saic une 1
5746 END TF
5756 NEXT 1
5766 SUPEND

576690 400000*0400 SUBROUTINE READFIL93 *.0eo00*.e0~*

5666 to THIS SUBROUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF o
5816 It EQUAL LENGTH AND B00TS THEM INTO THE DUMMY VICTORS X(*),Y(o),2C0). 9
56269.0004000040..........e400*..40090000
5306 SUD Readfli1 *3(NaaS, Job$. MfdlumS,N~da% ,X(f),Y(*),2Ce))
5646 DIN FlilenamoSE401

59696l...~..~o. DEFINITION OF VARIABLES*...ooe **o

sees I Nan*$ I NAME OF SERIAL FILE CREATED TO RECEIVE DATA
5899 1 obS I DESCRIPTIVE 301 LABEL OF CONTAINED DATA
5906 0 Modlim$ ADDRESS OF MASS StORAGE MEDIUM
5916 - N data I NUJMBER OF DATA ELEMENTS IN EACH VECTOR

5936 e40..e00eee..ee.
5946 1 ASSIGN DUFFER 1/0 PATH TO FILE*

5966 IF Medium6.aINHTEftNAL* THEN
5976 F le-n&soS'HaaeS&Medlum*
5986 ELSE
5996 Ft l@_nueS'Mvdtum8&HoaeS
6666 END IF
6610 AkSIGH SPath I TO Pile nameS

6636 1*0699900 READ 303 LAPEL *#9*9990*

6656 ENTER @PathIIJob$

6676 1*** ENTER HUMBER OF ELEMENTS *000

6690 ENTER @Path_1IN data
6166 00000.e eoeeooO...
6116 lot CORRECTLY SIZE DATA VICTOR ov*
6126 9 o*O*o*e*e~e**~~*
6136 REDIM (1da-1,( aa1Z( da-I
614: e*e.ee0.*e*o*.eo

6 1 56 .. . .. ..RA D .A T A A R A Y.. . .* 0

S~ 616ETE *ahIjX(9),Yof),Z(§)
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6210 ASSIGN 9PathI TO*
6226 RtEDIM X(4696),Yv496),Z(4*96)
6230 SUREND
6240
62560ee~~...~eeee SUBROUTINE NRITEFILE3 o.*e *.eeOe**
6266 I.~ee.ee.....e.ee..eo~...S 9O OeC*O O~
6276 1* TNIS SUBROUTINE ACCEPTS THREE DATA VECTORS OF EQUAL LENGTH AND*
6206 !* NRItES THEM TO A DISK STORAGE FILE UNDER THE FILENAME SPECIFIED
6296 1# B THE USER

6316 $SU Writaft 1*3<MNOS, Job$, Medium$,Ndt,()YO,()
6326 DIM File n&&**1462
6330 9.~~...e...... .e******e*********
630P .~....e..e DEFINITION OF VARIABLES*e*****.**
6350
6366 Name$ NAME OF SERIAL FILE CREATED TO RECEIVE DATA
6370 Job$ I DESCRIPTIVE JOP LABEL OF CONTAINED DATA
6306 Medium$ I ADDRESS OF MASS STORAGE MEDIUM
6396 I Hdata 1 NUMBER OF DATA ELEMENTS IN EACH VECTOR

6418
6426 1. CREATE DATA FILE FOR STORAGE *
6430 .. ~o..e..e~~~...
6446 File .tze.IHT(N data'19)
6450 If ModiuUstelIMYERNAL- THEN

06466 File naaeSsMaas**&edlum*
6470 ELSF
6400 Fil tenaaeS*Mwdiu§*&Naae
6496 END IF
6556 CREATE 20DAT File nam#*,FI lw sizw

6520 1 ASSIGN BUFFER 1-0 PATH TO FILE*

6546 ASSIGN #PathI TO File rname$
6550 .eO.9e.eeee~e.eee
6566 f90 CORRECTLY SIZE DATA VECTOR e

6566 REDIM XNdt-)YNdt-),( aaI

6666 e90e*9*9 STORE JON LABEL e...

6626 OUTPUT #PathigijobS

6640 1eee. STORE NUMBER OF ELEMENTS 0

6466 OUTPUT @PathI$H data

66509 9...... STORE DATA ARRAY *O~O

6766 OUTPUT @PathIIX(*),YCO),Z(*)

6728 1eee.. CLOSE FILE AND PUFFER **eee

6746 ASSIGN #Path I TO
6750 SUPEND

6776 ..... e9..... SUBROUTINE PRINTOUT .~o..~e~e~O.
6766
6790 1* THIS SUBROUTINE PRINTS OUT THE DEARING AND RELATIVE
66006 1* COATRIDUTION FOR EACH FREQUENCY COMPONENT IN THE DIRECTIONAL*
6010 to SPECTRUM

06036 $SU Print out (Frequency(*),3eerimg(Cý,Rel~cont(*),N.datC)
6643 Pie.4*ATN(1)
6656 PRINTER IS 6
6660 PRINT CHRS(12)
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6076 PRINT .. Bo...e.eoe........e.eoo *.oo *.*.oo **O*O******.*eOeo*e*ooe*****B4ot

o6e0 PRINT M.....o...e............e FREQUENCY BEARINGS AND CONTRIBUTIONS oe.o

6S06 PRINT -eoee..e....o.eee......o.O.Oeeo~eo.eO.o*o*OeeO*O*o**o.******@eeeo**

69•6 PRINT

6916 PRINT
9970 PRINT 'Frequency Searing (degrees) Relative Contributto

n (%) ,
6930 PRINT
£940 FOR In6 TO N data-I
6950 PRINT USING Forat I;FrequenCy(I),INT(Dtartng(I)el6ee'Pi@)/10,INT(RCI.

cont(I)016ee)/l0
£960 Form&a It IMAGE DD.DDD.16X,DDD.D,22X,DD.DD
6970 NEXT I
6988 PRINT CHRS(12)
6990 PRINTER IS I
7066 SUDEND
7010 **O**OeOOOC4.*O44C.4~OeC*C**0O**O***4O4tO4O44foetSO44*444o*~ItOO******

7026 I.*.e........*.......... SUBROUTINE WINDOMER e....oee~ e.......e..

7040 9. THIS SUBROUTINE PERFORMS A TRIANGULAR MINDOMING OPERATION *
7050 9. ON THE SUPPLIED VECTOR . THIS IS A PRELUDE TO A FOURIER TRANSFORM *
7060 lo OPERATION AND IS INTENDED TO REDUCE SPECTRAL SIDE LOSING47076 *.......eo............e......60e...0Je.....eoeoeeeoe.Oeeoe4**Ce.Oe~e°

7006 SUD Ni dowwr(Vector(*)qH.Nvctor)
7090 FOR I-S TO H vector-I
7160 IF I<N vectorz2 THEN
7110 Vector(l)-Vector(l)*(2*1/, vector)
7120 ELSE
7130 Vector(l)-Veclor(I)e(l-2(I-N ve ctor'2)/fwector)
7140 EtID IF
7150 NEXT 1
7160 SUSEH1

104



NWC TP 6842

31 Aug 1907 20a40t22

166S ... *oeo e..oeee eeeeeeteeeeeoeoeoooe@.eoeoee.ee~e.. eo.e..e~e..eo eete4e~e~e
161O *.o..o......o.....e.eo.oeeee PROGRAM SEE SPEC .e~eeeteeteeoteteeooeeeeteee
10260 0eooeooe...o.ee~eoeeoeeeeee**.eeooe~e.e*e~e.e..o.ee.e*o*oe~e*,oeo.eeooo*
1030 '. THIS PROGRAM BOOTS IN A FREQUENCY SPECTRUm AND PERMITS THE U

1040 !o USER TO PLOT AND EXAMINE IT 1 1

1066 DIM Frequency(4096),lagnitud.(4096),Ptaae(4096)
16?7 DIM N&s*@6IC1,MeMduI$m2O],JobSC60*

1690 0eoe.ee~ee••eeo DEFINIT;ON OF LOCAL VARIABLES oemcee•Dee
1ies 0o.....................o.ooeo.........eoo*oo......4000o*04ooC

1110 Tesample.I/60
1120 Pte-4*ATH(!)
1136 Medi~umWS-ASICDATR-FILE,'
1140 Pent.2
1156 !oe~eo~eeoeeeeoeeetee~eeeeooee•eeetCeeee~e~eeo.e.eoeoeeeeseseee

1166 PRINT CHR$(12)
1176 INPUT "Enter FILENAME ao SOURCE Data File ..... Names
11:1 INPUT "Enter FREQUENCY LIMIT on Spectrwu (Hertz) ... .Fm&x
1 490 IFeeeeoeee eeeee ooeeeoeCee**oeee
1266 iaeoeee e COMPUTE TIME SASE VECTOR eeDee~eee
1216 *OBe,0*4*eeeeee~eo•eeooe4e0eeeeeete~e~e*eeo*

1226 CALL Readft 1e3(<NmaS,JobS,Medius$,Npolnt,Frequency(*),Magnitude(e),Phase

1230 PRINT CHRS(12)

1246 PRINT Job$
1250 N lnit.INT(Fmax/Frequ*ency(1))
1260 oeee. eeeeeeeeoeeeeeoo .eeee eee
1276 le CONVERT DATA TO FOURIER TRANSFORM SCALE,
1266 I1.e .*eeeee .eoe eeoeooo eeeeoo*o*e*eeooee*
1296 REDIFI Freqaency(t itnt-I),Magnt ude(N amit-l),Ph ae(N 1.t-1)
1300 FOR 1-0 TO H i;mit-l
1310 Magnitudel MagnItudew(IeTesaaple
1326 NEXT I
1330 S mauxMAX(Magnitude(#))
1340 CALL P)ot ftle(Frequency(e,)Magnitue()ON_) I &tO,,Fmx,-S.maxSmaxPen

C , Y")
1356 INPUT *Hit Return to CONTINUE ... ',A*
1360 PencuPencel
1370 CALL Plot_ ile(Frequency(O),Phaesa(e)tHltmittS,Fmx,-2oPie,2ePle,Penc, Y

1366 PRINT
1396 PRINT 'Total Record Length Is *;NHpoint;l Points .....
1406 INPUT 'HIT RETURN . . ,AS
1416 GRAPHICS OFF
1420 PRINT CNRS(12)

1430 END
1440 !..,90e......9....eeee...eee~eee4eeeeeeeeeeeeeeeeeeJ•ejeeeeeeee..eeeesee

145:6 eeeeeeeeeeeeeoeeoeee SUBROUTINE READFILE3 e eeeeeo eeeeeeeeeeeeee

1476 o, THIS SUDROUIIHE READS THREE DATA VECTORS FROM DISK STORAGE OF e
1400 le EOUAL LENGTH AND BOOTS THEM INTO THE DUMMY VECTORS X(0),Y(e),Z(e). #
1496 !eoe~eeeeee..eo.eeoeoeoeoeeeeeeoeoeeeeeeeoeeeeeeeeeeeoeeeeeseeeeeeeeeee~eee

150 SUB Readfi Ie3(N&ae$,Job$,Mediuml,Ndata,X(e),Y(*),Z(#))
1516 DIM File nameSC403
1520 o.eeCeCC•ee eee .ee..CeeGe eeeeeeeo.e oeeeeeeeee
1530 !.eeeeee.o..eee DEF!NITION OF VARIABLES eeeeeeeeeeeee
1546 o.oee~ee•e•eoe~eo.e.. .eoe..e•e..e~eeeeoe•e*oe..eeoe••e•eeeeeeeee

1550 NameS I HAME OF SERIAL FILE CREATED TO RECEIVE DATA
1560 1 Jobs I DESCRIPTIVE JO LABEL OF CONTAINED DATA
I57f, * Medium$ I ADDRESS OF MASS STORAGE MEDIUM
1546 o H data NUMBER OF DATA ELEMENTS IN ENCH VECTOR

1660 Itteteeeeaitt....ee...et'ltttt105
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1610 1 ASSIGN BUFFER 10 PATH TO FILE 0
1620 9.oooo..o.o.ooooo........eoooeo.eo

1630 IF MfdiuanSuIHTERHAL" THEN
1640 Ftle_na.SwHS&w*&Mledtums
1450 ELSE
1660 Fi le naega~edlue~lkHa.$

1670 END IF
1660 ASSIGNAPstth 1-TO File naaeS
1690 9 o*5**o5***oeoeoooo4*o*.eoooo05*oo

1700 9 eotooeo READ JOS LABEL oe e e o*
1710 95...o.e..eoeo..oeo~eoe..eeoooeeoe

1720 ENTER 9PathiljJobS
1736 I...e..eooeo~e...e.ooo.oo.eo.....o

1740 1*** ENTER NUMBER OF ELEMENTS ****
1756 9 *.e.*.**.e*e..e**ee*e....eesee*e*

1766 ENTER OPath 3gN data
1770 9 eo.e..oeeoo.ooee..eooo.e~eeoe.4.o

1700 0eo CORRECTLY SIZE DATA VECTOR cc.
1796 9eooooe'eoooeoeoeooooeeoooo.*.*e*..

1900 REDIM X(H data-l),Y(N data-I),Z(N data-l)
1010 *oo**oo**eoo*@eoooo*o**oo*o*909.*e

1020 1oooeooo READ DATA ARRAY *oooooo
1830 ooeooooeoeoooooeo

1040 ENTER fPathl;X(*),Y(*),Z(*)p 1050 Pooooooooeoeo..oeoooeeoee*.e*4*....

1060 !gooe CLO4E FILE AND BUFFER oeooo
1076 000 oeoo.ooe~eo.4oooooeo0eo.000o0o

1800 ASSIGN fPath I TO 0

1090 SUDEND

1910 0eeoooooooeooooooooo~e SUBROUTINE PLOT FILE oooeoooeoooooeooooo*

1936 9o THIS SUBROUTINE ACCEPTS TWO DATA VECTORS AND PLOTS ONE VERSUS '
1940 9. THE OTHER . THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN *

1956 0 VECTORS AND THE DESIRED PLOTTING COLOR S SCALING AND AXES ARE AUT.Q.-
1960 1* MATICALLY PROVIDED BY THIS SUBROUTINE . "
1970 9.eo*o*40o*e*ec*cooo*ooeeo~ooeeo~eoeoeoeeo~eoeoeoeoeoeoe**ooeeoooeeo*.*.*.

1960 SUN Plot ftle(Xdata(o),Ydata(o),Nplot,XoinXo&xYmin,YoaxPencNewS)
1990 CON /Plot block/ Xsclea,Yscal*.XofFeet,YoEfset

2600
2010 'eo.eooo.oe DEFINTITION OF LOCAL VARIABLES *o .ooeoeo
2020 o
2030 1 Xdata(e) I ABSCISSA DATA VECTOR TO BE PLOTTED
2046 ' Ydata(e) I ORDINATE DATA VECTOR TO BE PLOTTED
2058 ! Nplot NUMBER OF DATA POINTS IN VECTORS .
206 I Xmin SMALLEST ELEMENT IN Xdata(o) VECTOR
2070 1 Xwax I LARGEST ELEMENT IN Xdata(o) VECTOR
2090 9 Yaln SMALLEST ELEMENT IN Yd&t&(o) VECTOR
2090 1 Ymax I LARGEST ELEMENT IN Ydata(o) VECTOR
2100 ! Penc I DESIRED COLOR CODE OF PLOTTING COLOR
2110 1 HeNs I ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
2126 Whi%eal 9 DEFINE THE COLOR CODE FOR WHITE
2130 A colore~hite 9 SET AXIS COLOR WHITE
2140 xTeft.O I DEFINE LEFT OF SCREEN (Plotter Units)
2150 Xrat1.20 I DEFINE X AXIS RAIL (Plotter Units)
2160 Xcentern64 I X COORD CENTER SCREEN (Plotter Units)
2170 Xright*126 I DEFINE RIGHT SCREEN (Plotter Units)
2130 Ybottomo6 9 DEFINE LOWER SCREEN (Plotter Units)
2190 Yrall-16 I DEFINE Y AXIS RAIL (Plotter Units)
2206 YCintere4O ! Y COORDCENTER SCREEN (Plotter Units)
2213 Ytop-96 9 DEFINE TOP OF SCREEN (Plotter Units)
2220 1 Xdonom I DENOMINATOR OF X PLOTTING SCALE FACTOR
2230 1 Y denom I DENOMINATOR OF Y PLOTTING SCALE FACTOR
2240 oa*eeee*oe40050.eeeeooeoooe*ooe.4...eeeooeo 4.
2250 Ieo.oo.eeoe..oeoe...ooee.oooeo oeoee.....
2260 19f CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED .
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2270 : e'eee.............o....
2200 IF H#wSU TIEN
2290 GNIN 1.5
2300 GRAPHICS ON
2310 PEN White
2320 VIEWPORT Xl.~s ,Xrlqht ,Ybottom.Ylop
2330 FRAME
2340 9 .'.eo.e.e....e..
2350 .DRAW PROPER AXES FOR PLOTTING
2360 ......... e.......
2370 IF Xuin<G THEN
2300 IF '&in<@ THEN
2390 XotfseteXconter- !. FOUR QUAD AXES DRAWN NERE 0

2480 Yoffset.Yctnter ..... 4 4*.......
2410 X donoam.Xoa
2420 Y denousYmax
2430 CALL Axis draM(Xl~ft,Yo~feet,Xright,Yaoffset,Acolor,-Xaa,,XmA~x)
2440 CALL Axis -dr&w(Xoffset,ybottem,Xeffs~.YtopA~colov,-yaa~x.ym.~)
2459 ELSE
2460 Xoffset-Xcenter I.*-X TYPE AXIS DRAWN HERE*
2470 Yoffsot=Yratl 0.000400*400990

2409 X-deraemXmax
2490 Y-denmousYmx-Yein
2500 CALL Axis draw(Xl~ftYoers~tXright,YoffsetA color,-XmaN,Xbax)
2510 CALL Axisdraw(XotfsotYbottomXoffsetYtopA~colorYatnYmax)
2520 END IF
2530 ELSE
2540 IP Y.in<6 THEN B*0444400400499

2550 Xo~ffa.-Xe-ail 10 */- Y TYPE AXIS DRAWN HERE*
2560 Yo~ffs.tYconttr ae**.*.e.~******
2570 X-dcnomwXmax-Xwin
2500 Y-dononuYmax-Yoln
2590 CALL Axas~draw(Xoffset.Yorfsqt.~eghtYoff..ttAcolor,XeinXm~x)
2600 CALL Axis draw(XoffsotYbottea,Xoffstt,Ytop.A~colov,-Ymax,Yaax)
2610 YoffsetaYbottom
2620 ELSE
2630 XoffseteXra~l 0 ONLY X&Y AXES DRAWN HERE.
2640 Yoffact-Ybot toe 000.404000090*.
2658 X-denommXmax-XuI n
2660 Y-donom.Yaasx-ymI n
2670 CALL Axis draw(XotfstottffsetXrightYoffsetA-ColouXoinXsax)
2600 CALL Axis-draw(XoffSt,~YoffsetXo~f,.tYtopA~colorYulntY&&x)
2690 END IF
2700 END IF
2710 Xscaloe.CXvght-Xoffset),X~denom
2720 Yscal#*lYtop-Yoffs~t)/Y denom
2730 END IF
2740 9 .......... ,...

2750 1* DATA VECTORS PLOTTED BELOW 0
2768
2770 PENUP
2700 CALL Scalar(Xdatak(0),Yd~ta(0),Xain,Xi.ax,YminYmaxX plot,Y plot)
2790 PEN Ponc
2006 MOVE X~plot,Y plot
2010 FOR I's TO Npiot-I
2820 CALL Scaleu(Xdata(I),YdataC I),XminXsax,Ymin,YmaxX~plot,Yplot)

2030 DRAW X~plot,Y plot
% ~2040 NEXTI

2050 **ooEND oe*o*oe~eeeeoeo4ososoe*~eeeo*ee0

29506elt

2960 'EHUP
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29?0 PEN Axis color
2900 PENUP
2910 MOVIE Xs%.'t,Ys%4.It
36009 DRAMI XflnalYftnal
3610 PINUP
3620 CSIZZE 3.0,.5
3636 CALL Roundetr(A min,3,AG0
3646 CALL Roundwr(A~ma~,3,Al
3636 IF XstartoXfinal THEN
3666 CALL Label it(xstar%-Delta,Ystart,Pie'2,Axis~color-,VAL6(AO))
3676 CALLLaettfnlDlYla-Dltl',xsooVLS1
3666 ELSE
3696 CALL Labelit(Xsacv%tYstait-D.Ita,OsAxls~colorVAL0(AS))
3190 CALLLae tXil-5,tYtr-etAxaooVA6I)
3110 END IF
3126 SUDEND

3146 0~ ~ aeeeseee SUBROUTINE LAIELIT *a~'e*t~eO~e.**
31560 eeseeeo~e~.eee...eo......4eaao..eee.
3166 I. TNIS SUBROUTINE SIMPLY ACCEPTS THE GIVEN LABEL AND PLACES IT WHERE *
3170 1* IT IS SPECIFIED (it XY LOCATION) AT THE GIVEN TILT ANGLE . THE PEN *
3166 1* COLOR 'Penc' IS ALSO P'ROVIDED BY THE USER THIS SAVES A LOT OF &
3190 lo REPETITIVE CODE

321* SUB Lab*llt(X,Y,TIlt,P~nc,Ste'nq8)
3226 PINUP
3230 HOYE X.Y

*3246 PEN Penc
3250 LDIR Tilt
3260 LABEL Strng8
3270 PINUP
3206 SUPEND
3290
33060 e~~sesase~s*5 SUBROUTINE SCALER *...e........
3310 ..... *** *5 5. 5 4 * *6**I*
3320 ! THIS SUBROUTINE SCALES THE DATA PASSED TO IT FOR CRT PLOTTINC
3330 PURPOSES
3340
3350 SUB Scaler(x-aataY d$AtaXumin,XsaxYmin,Ymax,x plotY~plot)
3368 COM 'Plot bloCk- X*C&l.,YSCaI9,XoffaetYoff~f%
3370 XPlot.XaCale.(X data-Xmin).Xoffset
3306 YPlotwYCAICa*(Y data-Ymln).Yoffset
3390 $UPEND

1419 54*....*.... SUBROUTINE ROUNDER*.........eaee
3420
3430 Is THIS SUSROUTINE ACCEPTS A NUMBER OF ANY SIZE OR SIGN AHD*
3446 0* ROUNDS IT TO THE SPECIFIED NUMBER Or DIGITS.

3466 SVI RoundercX~input,N~digita,XNrounded)

34906 ae4.. DEFINITION OF LOCAL VARIABLES 0*.1004000e00*
3496 9 ***oee~eeeee~~oo.o~o.*~~eo~~
3500 ! -Input I INPUT NUMBER To BE ROUNDED
3510 1 X-dumgm' I DUMMY VARIABLE USED TO PROTECT Ipt
3520 1 N~digits I NUMBER OF DIGITS DIVPLAYIED AFTER ROUNDING
3538 1 X-roundod IROUNDED EQUIVALENT OF xlinput
3346 Sign I NUMERICAL POLARITY OF ROUNDED NUMBER
3556 Magnitude I ORDER OF MAGNITUDE OF INPUT NUMBER
3566 1 mantissa I MANTISSA Of NUMBER UNDER ROUNDING
3370 ! ARGUMENT I ADSNtyIATED VERSION OF MANTISSA.

3,9. IF _nu(@TE

0 3600 oudedmyX input

3660 SUXN 108adgi~*rumn#0Mant

0
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Appendix E

SEA SURFACE REPRODUCTION SOFTWARE

(1) MAKEMODEL Program

(2) MAKEWAVES Program

(3) VIEW-SEA Program

109
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31 Avg Is$? 20t4210S

1010 .................... PROCkAM MAKE MODEL

3030 1* 1HI PR0OFRMGENNRATES ALL FOFTHE NEfCESSARY INFOR19ATION 0
1:40 TO..CREATE -A Me BEL OTHE SEA SURF AC RASED ON MAVE COMPUTER *
1050 MEASUREMENTS

£0970 CON /Navflength/ Z90 saQ(4096),Zdx s14(409d),Zdymaq9(4096)
100 DIM Z~S_6gh(4096),Zdx .ighC409S).Ydy~sl9I(4096),Duaby<4096)
1090 DIM NeSCISI.Naa.e auiqocISI.NaaaGP 1 16 I.N .90 *adC1I43,J~b8C6I
Ilse DIM Phlc4096)Y.Thota4096),Dzdx(4696),D~z-dy(4"051

1 110 DIM Frequency(4996),AapI itwde(4096'iPh"aS(4696)
1120 DIM Dearting(4096).Wavelenqth(4096),Veloctty(4096)
1130 PRINT CmNc123

1 5 0 Ie...09 e DEFIitION4OF PROGRA VA::RIALES; o...*.

1170 1 20&9a(0) 2 ECTOR MAGNITUDE SPECTUM. (Ffqt/NCfll2)
1;00 1 DZ~dx(41 PARTIAL DERIVATIVE OF Z WdRY N. (Disens~au'ie,.1

119 Dl-dy(*) IPARTIAL DERIVATIVE OF 2 WRY Y.(DisonstanlLso)
10 Phsio) I LEVAZIONAL ANCLE OF UNIT NORMAL. (Radi ans)
3210 Th~.at . AZIMUWTHAL ANGL. 0' UNIT NORMAL. RA~df ano)
t220 Ousoy(*) IGENERAL PURPOSE D0JANY VARIAtLE.-
1230 Freqwenc1.,e) FREQUENCY OF WAVE COMPONENT. (Herta)
1240 1 dx magQ() IdZ/'dx MAGNIITUDE SPECTRUM *(1'Neortz)

J.1250 1zdysa~g(g) * .2'dy MAGNITUDE SPECTRU". (I NHqrt S
1260 1 Zdxusl h(q) dZ~'vx PHASE SPECTRUM ( Radia~n*)
3270 t Zdy agh~t) 'dZ'dy PNASE SPECTRUM *(Radians)

1200 1 AwPT~iud*(q) AMPLITUDE %)F NAVE COMPONENT. (Fees)
1390 1 Phasei:) IANGULAR DELAY Of WAVE COMPO4ENT. (Rala&1n*)
1300 1 leaetroq. I PLANE WAVE COMPONENT DIRECTION (*&dia&ts)
1310 1 avelengthi(*) W AVELENGTN OF WAVE COMPONENT. (Feet)
1320 ivelocity(*) *VELOCI1Y OF NAVE COMPONENT. (Feet'S*Cond)
1)30 IN d&ta " UNDER OF DHTA FOINTS IN SPECTRUMS.
1340 N~poln% NUMBER Of FF7 POINTS COMPUTED.
1050 N- 4N NUM9ER OF MODEL FREQUENCY COMPONENTS CONSIDER
13)0 M*diuaSS3DASIC/DATAFILE'*
1370 Ps*040ATH(1
1300 T baspleal/de
1390 1 e~*ee4***Of *qo go*eeqeqq**of e~*&Ifo*e*ho*Cq ee***e
;400 INPUT 'Enter FILENAME of SOURCE DATA (Omti, Exttnsion) ... . *,Mae*#
1430 INPUT *Enttr COMPONENT TRUNCATION LENGTH .... *,NOa
1420 Name xSwMaseSV SPECI
1340 Nas@ dirloNaoSZ> SIR-
1448 Name&ng0.NanotV ANC*
14S0 4dae *dxoWofdmeL Sfl)(
1450 Nabo &d3OaWam.S6. SDY'
14710 Ns **dO-WNaa.5L MOD'

1490 I. SOOT IN DIRECTIONAL AND VERTICAl. SPECTRAL DATA a

ISIS DIBP B....... OOTING IN REQUIRED DATA FILES ***O't

1520 CALL R*adf 1 .3(Nab_2S, Job$, Nadius$,NMdata&,Freeuncy(o),20*eAaO0), 20*ig

1350 CALL adl.(aeiSJbdlaNdtDub()5&n(ODVB'

1340 CALL Raf e(aedSJbeiadtum()2xaI)2~i

1 550 CALLRed'I3NaaybMduS daauby*Z4mg ),dsg
h(.))

I to* N-dusayeN data
1510 CALL.Ra~i3Nmago9MduSdmyP4@,ht()Dm£()
Is@$ DISP
13590 N~point-2-INT'LOG(HNduamy)/LOG(2)'l)

110
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1636 CALL*S:u&ig 19 fx
t
leaitn*(0) ,N d&%a,PI.

6s6 IAT Phu.. 28 igh

1 710 CALL Aoplf%wd#(26maag(#),N~da- ,N~potnv,Atp~litvdo0())

1726 B.. .OMPTE AVýLENGTMS OF FREQUENCY COMPONENTS a

I ad CALL Mauel~ngth(3.arlng(I),N.d&t&,PI@,M&VolgflghIh(*)

1776 104 COMPUTE WAVE FREQUENCY COMPONENT VELOCITIES *

1796 CALL Veloclt1 ,(FrIq.qjncy(0),M&v*l~nglh(0),N-da&t,VIolC ity(O))

616 ....... OUTPUT DATA TO DISK AND PRITR*'OO

S1046 IF A 0*: TNEN
1656 DISP .. 0.e STORING SEA SURFACE MODEL COEFFICIENTS$..e~0*

1666 CALL Mrl..eCIl&6(Naaeeod$.Job6,"odIumHm6,ax, frequency(#).UPopII sudoc

376 INP'UT DUMP MODEL PARAMETERS to the PRINTER ? (Y/N) ..... ,AS
1896 IFOAS. TE
1980 *a##..e OUTPUTTING SEA SURFACE MODEL COEFFICIENTS TO PRINTER ##9f

1916 CALL P~n u6F~uny0,mIIue*,hh()3&~l~)MVlf

1 926 END IF
1930 ZALL Video Oaa.(l)
1946 91:P .. *0*..*MODEL RECORDING PROlCESS COMPLETE*.***oe*
196 END

1976 ..... o.4e000.0 SUSROUTINI" FF7 eo#*0**04*0*00

1996 e THis SUIROUTINE PERFORM A ,.7"; FOURIEft IRAN$FR N N
2666 :: DEPOSITED DATA VECTORM ' X Input(*) 1. THE REAL PART OF TNE SPECTRAL *

261 v ECTOR IS RETURNED I THE VARIA3LE 'F real(*) -AND TNE IMAGINARY *
2626 I. PAR is ETURE INm VARADE PtegeO)- IT IS IMPORTANT TO *
2636 ;. NOT TNAT , IN ORE aO TN1 FFT ALGORITHM TO MORK THE NUMIER OF *
2646 O. ATA POINTS UNDER ANAILY: IS MUST IE A POWER OF TWO 11 9

2660 SUD FftSC inpwt(e)1 N~polnt ,PiMagni tud*(O),Ph&se(0))
2076 DIM Ral49)Ia.(66.el(66,aq.(66
2666 Dim P ino~x(2046),Q.Ifdox(2046)
2696 RIMCINoit1.me.ICH..point1l)
2166 REDIM Real2(pit-)12(N(N -1nt)

216RAD pit 4_ _cn

2120 PI*04*ATN(1)
2130 V~polntuINT(LOG(Njolnt)LOG(2))

2156 . Olt ORE DATAVECO O INPUT OFTRANFOM*0*

2176 CALL Sit euerse(X~input(0),N~point ,Vpoint,Ro*11l(*))

219 INLL IAIAYIPTVCO
2266 .. eooeeoeeoeeeC*&01000
2216 FOR 1-6 TO 04_001M/2-1
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2226 imago I(I).6
2230 NEXT I
2240 FOR I siaqo.6 TO V~polns-I ISTART STAGE STROBING LOOP
2256 CALL lw%%vrfl?(Npain%,V potn%,I s%&aeP ind.xf), in:;;(*,))
2260 FOR J buserfly.S TO Njt Z- *TAR fUTar STOIGLO

2290 lo 9ETERMINE BUTTERFLY BRANCH POINTS*

2206 P90 lnde*xe borflyee)ee..*e**
2316 Pla-Index(Jbuwterfly)

W p - Hpoln%,e2)

231 CL rdut- N~p veral I, W-1aee9.R 1_I (a), I ageI (a), Buggy-" 41,

2366 1' COMPUTE UPPER "ALF OF BUTTERFLY o

2366 Raf-2(P)wReal I CP)+IDummyjeoal

2410 1* COMPUTE LOWER HALF OF BUTTERFLY*

2430 R&1 2(0)u1. I (P1-Dummty-val

2i.S EXT eee ee*ebuee....e....e

F ~2476 9 UPDATE NEXT CYCLE SOURCE VICTOR

2490 MAT Roal lufte~ a2
2566 MAT IaeIIae
2516 NEXT Istago

2136 .DTEMN MAGNITUDE AND PHASE OF SPECTRUM

21560 CALL apaeRa2* Iiae..pmI anIue., ia (4I 2566 SMENO
23060 **e~~e....e.e SUBROUTINE HAG-PHASE *ooeee*e~***

2690 Is THIS SUBROUTINE COMPUTES TNE MAGNITUDE AND PHASE OF THE COMPLEX 0
2610 if VECTORS PROVIDW" IN THE VARIASLES , X reale' - AND - N *mee(*)
2626 to THE RESULTING rNITUDE IS THEN $T0*EI 1IN T HE VE CTOR bmagc*) 0
2636 to AND THE PHASE .. STORED IN THE VECTOR Pjphas(*)

2658 SUD Hag~haC el(~NIee*,~~tRa()Pha~)
2466 Plo&4#AT MCI)
2676 FOR 1s$ TO NHpoint-I
2666 A inag(t)wS R(X e C)'ra IeN aeI.Xm e( )
2696 IF X rosl(I)<A T4HE

2710 ELSE
2726 phasesple/2
2736 END IF
2748 X.oigneSCNCX -a *4(I))
2756 Y afqnuSGN(X image(I))
2746 Or Y 619n)iSO THEN
2770 1F N.Igve)SO THEN
2766 P~phas.( 1)-Phase
2790 ELSE

2$0 END TF 1

I68 ES
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2676 END IF

2696 NEXT I
2966 SUlEND

2$20 eeee.ee.eee SUBROUTINE BITREVERSE *ee~~Oe~eeB~

2946 to THIS1 SUJROUTINE PIERFORMS A BIT-REVERSAL OPERATION ON HE14
2956 1* DEPO~iTED INPUT VICTORS INDICES . THIS 15 IN PREPARATION poR AN
2916 1. IN-PLACIE FAST FOURIER TRANSFORM OPERATION

2996 DIN Index in(111,Index out(1

3610 e~eee.e DEFINITION OF LOCAL VARIABLES*.ee.ee

3636 1 Vector tn(e) IINPUT VECTOR TO BE SII REVERSE SORTED.
3646 1 N~powor I LOG BSlE TWO OF IN4PUT VECTOR LENGTH
3656 14 vector I ACTUAL LENGTH Of INPUT VECTOR
3616 I Index4 In(*) I BINARY INPUT VECTOR REFERENCE INDEX
3676 Indox ous(e) I BINARY aIt? REVERSED OUTPUT VECTOR INDEX
3666 1 vector out(*) I SIT REVERSE SORTED OUTPUT VECTOR

3160 FOR 1*4 TO Njpowor I NULL SIT INDEX WORDS
3119 Index-in(I)of
3120 Index~ou%(I)u6
3136 NEXT I
3146 FOR In6 10 N vactor-I
3156 IF 1()@ ITN(
3116 CALL Inc blnary(Index In~f~qNpowqr)
3176 END iF
3166 CALL Ref1@c%(Indexin(e)1N~powerIndex *#%(*))
3196 CALL lsae %&n(Indox tn(e),M powor I 4nputI
3266 CALL Sase ton(Index out Ce),N pou*r,T Output
32160 eeeeeeeeeeee~~eeeeeee
3226 1*e S1T REVERSED INDICES OPERATION SELOW.*

J246 Vector out(CI.output )uVector inC ~IInput)
3250 NEXT I
3260 MUIND

3266I.e.Ie0eeeeee SUBROUTINE INC-3IHANYeeeeeeeeeeeee

3366 I THIS SUBROUTINE PERFORMS A $[NARY INCRENMEN OPERATION ON INC
3316 Is DEPOSITED DIHARY VICTOR 'Word tncC() -AND RETURNS TNE RESULT IN
3326 '# THE SAME VARIADLEe

3346 SUR Inc~binary(Idord~inc(e),N~power-)
3356 Carry flaq.6
3360 Done f1agq6
3378 1-9

3 366 WHILE Done fllaq.
*3396 IF 1.6 THEN

3466 IF Word Inc(l)oS THNH
3416 Nord-inc(I).1
3426 Don* flage1
3426 ELSE
3446 Word Inc(I)SO
3456 Carry f 1 aql
3466 END IF

3476 ISF Carry flaeg INTHE
3496 IF Word lnc(I)w4 THEN
3566 Word-inc(I)!ll
3516 Done flagel
3526 ELSE

113
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3530 Word tnc(I)-O
3546 Care;.(1aqul -
3556 END IF
35;0 END IF

356 11.-

"3190 I Npower THEN
3400 Done laqos
3416 END IF.
34260 END WHILE
U340 SIJENDS~3440 *..fsteo.44..*****oooeos 0e**o*oeoeesoo****el e*oesseesoe4oo4ooooo*,oeosoooo

"•-' 3450 6ooooooesooooeoeooso* SUBROUTINE REFLECT oeeooooooo*osoooeoooo-- •3446 I *o*oG*O.oeosO **o*ooooooo*oooooo o *4s~oee*O**9*090o0eo*sooo 40o4e*Ioeooo**o

347 4 THIS SUIROUTIN TRNPmSTEPSTONO H ISI N I NT*
346s0 V VECTOR TO OPPOSITE POSITIONS WITH RESPECT TO THE CEHIROID OF THE *
3490 B. DINARY WORD

3710 SUP Ro~Ie•ENoed In(b),Npowor,Mord ou%(o))
3726 FOR 1-4 TO N•ow~r-I
3?30 Word out(I)*WordIA(HoP-I-1)
3?46 NEXT T
3?50 SuSEND
3746 4eeoeoo•eoeooeo**s*eeeo w~eo e~eo*U9OU*T I4 E Te*eoe otoeeoeeo *oe *eeotoo

3790 !# THIS SUBROUTINE CONVERT$ THE DEPOSITED BINARY VECTOR TO A DASN *
3660 9o TEN INTEGERTTNH IRS[ TEN NUMBER IS RETURNED IN THE VARIABLE "X out'.*
3616 00 9004*OOO 9@94OOO*OOO*O*O@44444,*O**9O•OOOO*•O** OOOO*@O**O*O @O**4•00O

3626 SU8 3o sen"or-lnPeowor, Xout)
3030 X ouze8
3040 F&R Is$ TO M power-I
3060 X OIOXOut*WOtdln(l)e2I
3860 WERT I
3067 SUDEND3606 9eooeoeo**o**eeo•oo..oeoseoee~o.e..oo.eooo~o~*o~o4eeo~ooeoeooeoe~esses*.oe

36961940 444040eooo 0.e.e.... SUBROUTINE BUTTERFLY *4oe*o*o*oos** o** oo*39660 .eo..oeeoo ..e....eooe.o.o...oeoeoo ..eo..ooo.o.o.soe..oo,.e.4...*o,..o.oo

3910 Ao THIS SUaROUTINE GENERATES THE NECESSARY INDICES DEFINING THE 4
3920 I. BUTTERFLIES WHICH PERFORM THE IN-PLACE COMPUTATIONS OF A FAST .
3930 09 FOURIER TRANSFORM

3956 SUS lutterely(Npolnt,Vjoet ,Siae,P,,0e
3946 Ioeooee•oe•saeeoooeeoeo•ooee •o~s•ooee~ eo~oss eo**eooo~ose~o•e**
3970 9eo*eoeoo*eeee, DEFINITION OF LOCAL VAIRIALES *oeooe4*eoo*..*oo
3966 •oooeoe~eeoooso~oeoe**eot ooo•eso**o eeo~o* *eooesoso*eeoeoe *oo
3996 1 N point I NUMBER OF POINTS IN FOURIER TRANSFORM .
46D6 V point I LOG $ASE TWO OF NUMBER OF TRANSFORM POINTS.
4016 Stag. I STAGE OF TRANSFORM VECTOR PROCESSING
4020 1 Span ! WIDTH OF NOW SPAN OF BUTTERFLY .
4632 N butt*orly I NUMBER OF BUTTERFLIES IN TRANSFORM STAGE.
4046 N 4ross I "UMBER OF SUTTERFLIES FOUND .
46060 UpFCrOSS I POSITION OF UPPER BUTTERFLY BRANCH.
4646i Low cross POSITION OF LOWER BUTTERPLY DRANCH
40160 P(.T 9 "P" INDEX OF 3UTTERFLY "N cross'
4060 9 ()'0' INDEX OF BUTTERFLY IN cross'40lD re(o) I "0" INDEX OF BUTTERFLY IN-cross'
40,690..4.seoeogoe~eoeeeose..*e•eeoooe~ooee••o••o••e.oooe~o*o*.*.eo

4106 Span.3'Staeo

4110 teoo ... oooe.eeosoee..e.o.
4120 to DEFINE INITIAL aUTTERFLY *
4130 !54*@*ooo*.oeo oo.o.
4140 Up crossaS
4150 Low crosselpan
4140 N CrOsse-!
4170 I Spar)l THEN I TEST OUT CASE OF STAGE ZERO
4180 WHILE N_cross(NHpotnt/2-Spa,
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4056 N outu2*(V In*i) I INCREASE RECORD LENGTH TO NEXT HIGH-
40 Rmin Dumm;(N out-I) 1 151 POWER OF TWO
4670 FOR Is" to TO N out-I
4SO0 Dueay(I)s$ I ZERO FILL REMAINIER OF DATA RECORD
4696 NEXT 1
4900 SUDEND4916 t..eoeeee..eeeeoeoeoeeee..ooe..oeoeee..o...oaeeeeee.eooeoeeeeooe..eeeoe

4928 SUBROUTINiE MAKE SLOPES *.o0eo*eoe@eOee
4932 .Oeeee9OOeeeeoooeeeeee eOee eee eoeeeeeeeoeeeeeeeeeeee*eee.GOe
4940 1* THIS SUBROUTIHE GENERATES THE SPATIAL DERIVATIVE VICTORS $
4950 1# FROM THE ANGULAR FORKATTED HAVE COMPUTER DATA FILES $
4960!oeeeeeoeeeeeeeeeeeeeeeeeeeeeeoeeeee

4976 SUD Mak. *lopea(Phl(@),Theta(e),HdatD dx(e),D dyED))
4960 FOR I1o YO H d&t&-I
4990 Dz-dx(l)e-TRN(Phi(1))eCOS(Theta(I))
5S60 Di dy(I)e-TAN(Pht(1))eSIN(Thet&(I))
561o NEXT T
5620 SUIEND5636 !I oeoo.eeeeeeoeeoaee ieeoeooeeeeeo**eeeeeeeaee.oeoe.*.ee eae~eas.*aeeeeoe

5040 ! oeo.e.eeeeoo.eeeeeeee SUBROUTIHE DEARING-FIX eoeeeoeooeeeoeoeoe e5650 !eeeeeee*.e...eo.eeeeeeeeeeeeeeee.oeeee.e.eeee.eeeee.eeeeeeeeeeeeeee~eee

5O66 1* THIS SUBROUTINE ADJUSTS ALL FREQUEHCY DEARING FIGURES SUCH &
5w76 to rHAT THEY ALL EXIST IN QUADRANTS I1 AND III , THAT IS HEADING FOR a
56s It SNORE ,

$110 FOR ]0O TO H data-l
s120 IF lesr tng(I)(Ple/2 THEM
$130 2#&-tng(I)w3e*u-lnq(I)op1e
3141 END IF

5150 NEXT I
5150 SUOEND
5176 !ooaeooooooooooooaoooeooooooooeooaaeaoooooooooeeaooeoeooooeeoooaooeeooe

5166 !eeeo6oooeeeeeee*eeee SUBROUTINE WAVELENGTH eeeooeeooooeeeeeeeeeeeto5196 Iaeoeaaasaaaaaeaeaeooooeoeaaaaeeooe*eeeeeoopeeoeeooeeoeeeeeeaoaaeeeoeae

5260 it THIS SUBROUTINE COMPUTES THE MAVELENGTH OF EACH SPECIFIC *
5216 Ie FREQUENCY COMPONENT IN THE SPECTRUM . 0
5326 Ieeooeeeeeeeeeeeeeaeaa.OaaaOoa.a~eeeoeeeeeeeeeeeeeaeeeeeoeeeoeeaaoeeesa

523 SUIN Navelength(Ueartng(e),N dataPte,Mauelenpti(e))
5240 COM /Navelength/ ZOmaq(4O9i),Zdxuao9(4096),Zdy mag(4696)
5256 FOR 1s6 TO N data-i
5260 IF Zdy_ma I())ZdxD14(1) THEN
5276 Wavelength(l)o2aPiaaAUS(SlN(3.arlng(I)))aZO ma(I)/Zdymsag(1)
53260 ELSE
5296 Mavelength(l)o2oPIeoA3S(COS(learlng(I)))aZl a&g(I)/Zdx_oa4(1)
5305 END IF
5310 NEXT 1
5320 SUDEND
52360 Iaaeooateooooeeeoeaeeeeaaaoaoaeeea•aaaeoaeoaeeeooeeeooooaaaoooooeaeooa
5346 SaoUeBoeeoeeeeeee SUIROUTIHE VELOCITIES oooeoeooeeaoeeoeeae
5250 !aooeeoeeeaaeoeaOaaoooooeeeeeoeeeeoeeoeeoeeeeeeeeeeeeeeeeeaeeeeo~eeeeeo

53660 *THIS SU2ROUTINE COMPUTES THE WAVE FRlONT VELOCITIES a

5370 I* FOR EACH FREQUENCY COMPONENT OF THE SEA SURFACE MODEL .
526 000�00 0aaaa~aaoeaea00aaeoooaaooooaoooooaeoaoaooaeoeagaaaoaoeoooaeaoa0.0

5290 lUD VYeocIty(Frequency(o),Hael angth(),Hdata, Valoctty(e))
5460 FOR Is@ TO H data-I
5410 Valoclty(T).Navalangth(I)aFraquancy(t)
3424 NEXT 1 -
3430 SIUCHDIi44ii leeoeiieieiiiiiieeoieieeeeeiieeei•ieieeeeee;eeeee;eo;:::e:eee:eeeeeeee::
5456 ........aeaeee ee aee o SUBROUTINE AMPLITUDE eoeee a*aeeee eee ae eeeeo

5476 !a THIS SUBROUTINE COMPUTES THE AMPLITUDE OF THE FOURIER SERIES5411 to COEFFICIENTS FROM THE Z VECTOR SPECTRUM

549

55O0 SUNJ Amplitudo(Z@Oaml(*),H data2N~pointAaplltte(1))

115
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$516 FOR In@ TO N data-I
5526 AReptIsude(1)-Z6eq(I)*2/Njpoint
5536 NEXT I
5540 SUSEND555O *oeoe~o~eeeO*eooe00909oooeoeeeoeeeee*eoo*e~eeeGooe*ooOOe900eeeOe400ee00e

5560 Ioeoooooooooooeo9 eo SUDROUTINE MRITEFILEE *e.oeeoooooeoeeeoeeoeoeI
5176 toeeoeeo.eoe~eeooooe.eeeooe.oeeeoeeeeeee..e...e~oeeeoeeoeoeeeoseoeoeeo*4

siso 1* THIS SBDROUTINE ACCEPTS THREE DATA VECTORS OF EQUAL LENGTH AND 0
5968 1* NRITXS THEN TO A DISK STORAGE FILE UNDER THE FILENAME SPECIFIED *
Sees it DV THE USER •
5610 I o.o.ooo.eo~eoo.o400oeooooeo*eo.eoooeoooeeeee.eOeeoe~eoeeeoo~eeoeoeeeeoe

5420 SUB Wrlteoff Ie(Name6,JobsModlus$,NdataX (o),X2(o),X3(0),X4(o),XS(o),X6

5636 DIN File naa*e(40]5646 leeo9e*eeeoeeeeeeeeeeeeeeoeeeeeeeeeeo**Oeeeeeeeeeeeeeeeeeeoeee*

1650 .. eeoeeoeeee. oe DEFINITION OF VARIABLES eoeeeoee 9eeeee

5676 1 Names I NAME OF SERIAL FILE CREATED TO RECEIVE DATA
5S66 I Jobs ! DESCRIPTIVE JOB LABEL OF CONTAINED DATA
5696 I MediumS I ADDRESS OF MASS STORAGE MEDIUM

5766 I N dat a NUMDER OF DATA ELEMENTS IN EACH VECTOR
5716I~Ooe..ooee..oo.oie......oee..e..oooooeo...e....eeieooie.eleeoole*

5726 Ioeeoooeeeeeooeeo*o~o~eeeeeoeoteoo

5736 1e CREATE DATA FILE FOR STORAGE ce
5746 leoeeoeoe*(o90oo6oeooooe,*oeoteee

5750 File sizeoINT(N data/9)
5766 IF MediuinguIHTERNAL- THEN
5770 Fle namele~aaeiLMediua$
5766 ELSE
5795 F ltenaamSe.ediuo$&NaaeS
5O66 END IF
510 CREATE DUAT Ftle naeg.File size
5620 I eeloeeeeeeeeeeoeeeoeo.oooeeoeoooo

5030 6 ASSIGN DUFFER 1/0 PATH TO FILE c
5646 '.e~eeo.eeeooooe~oooeeeooeooc..eee

5656 ASSIGN OPath I TO File n&oeg
5660 Ieeoeoee~eoee..eeeeeo.eeoeeoeeeeoeee

5676 1** CORRECTLY SIZE DATA VECTOR ee
5666• oeooeceeoeooe.eeoeoooeeoeee~ceoee.

5696 REDIM XI(N data-I) h2(N data-l),X3(N data-I)
1900 REDI0 X4(N daa-) ,lI5(datae-1),X6(N-datp-1)
5S10 Ioeeooeoe~eeoeoeoeoeeeoeeoeoeeoeee
s920 Ioeooooo STORE JOB LADEL eoeee
5936 Ieeoo~eeeeeeoeceeeeeoeoeeeeeoeeeeece
5946 OUTPUT OPath tiJobS
5956 :;;9;oo0e;eeccceIeee oEeceee N ee5966 eeoos STORE HUMIER OF ELEMENTS see
5970 Ieceoee•eoeeeeeoeoeoee~eooeeee*ee•

Stec OUTPUT OPath1tjNdata

60es loeeeoee STORE DATA ARRAY eeeoe

OIS eeeoeeeoeeeeece~eeeeceee~eeoeeeeeee4020 OUTPUT •Path IIXl(O)pX2(D),X3(o)ex4(o),x5(o),x6(e)

6646 !eeo. CLOSE FILE AND BUFFER eges

6066 ASSIGN SPath l TO *
66WO SUDEND
6666 l!eeoe~eoeeeoeceeeeoeeoeeceeeeeeeoeseeoeeeoeeoeeceeeeeeoeeooeeeeoeeoeeeeee

6690 6eSeeeeeeee*eeeoeeeeeee SUDROUTINE READFILE3 eeeoeeeeoeoeeeeeeeeoe
61OO !I..ee•e~eoeeeeeceo•e..eeoeoeeeoooccceceeeec~o•o~e..occe•eoeoeoeeecceoec

6116 'c THIS SUBROUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF *
6126 I* EQUAL LENGTH AND DOOTS THEM INTO THE DUMMY VECTORS X(e),Y(e),Z(e). *
6130 I ooeoeCOcCCe~ecCC~o*CooCeeoeoeoooeooeeeo*.oCooooeeoeqoeoooeoeoooocooe~o
$140 SUB Ro~df 11 3(Naao0, Job#, Medtums#, Nda&.a X(e), Y(*) ,Z(*))6156 DIM File naaeSI40S"
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6146 .. o.oeoo....eooooooooooooooooo.oooe..oo.eoeioeeoeeee...*oo *e.oo

417S ...*..oo.oo .e.eoooe DEFINITION OF VARIABLES oo eoeeOooee

4190 1 Nae$ I NAME OF SERIAL FILE CREATED TO RECEIVE DATA
6200 9 Jobs f DESCRIPTIVE JOB LABEL OF CONTAINED DATA
6210 Medium$S I-AuRlS OF MASS STORAGE MDIMUM
220* 1 Na& %u IUMBER OP DATA ELEMENTS IN EACH VICTOR

£2460
626 91 ASSIGN DUFFER 1/0 PATH TO FILE #
£346 ooeoooooooe*e*ooooeoaeooooooooo..o

£2?6 IF Modtum9S*lIMTERHAL' THEM
6266 file iAa.qSuNaoSKMediueS
6290 ELSE
6300 file ~l~dtlLlo
£310 END IF
£326 ASSIGN @Path I TO File naoeO

6340 iooe*e9* READ JOB LABEL o*oo*fooo

4360 ENTER *Path llJobs

4321 logo ENTER NUMBER OF ELEMENTS o***

46#0 ENTER #Path 11n data
£410 1...e.............................
£420 1** CORRECTLY SIZE DATA VICTOR ee.
£426 e.*ooooooooeooooo.,...*...ooooCeo.

4440 REDIM X(N dat&-I),Y(Ndata-1)oZ(Ndata-I)

£460 9..e.eo* READ DATA ARRAY oe****e*
£476 eeoooee~oe~eoooeeooeeeooeooo*eoe.

£460 ENTER @Path_; X(o),Y(.),Z(o)
£496 eeeeeeeeoeeoeeeeeeeeeoee..*....O..

£500 19esee CLOSE FILE AND DUFFER goose
£51$00*eooooe~eoeooee*oooeoce*oooeoeoe*

4526 ASSIGN 0Path l TO *
4526 SUIEND

6550 !SUeoBoeeoeoeeoee e SUDROUTINE PRINT-OUTS .. ooooooooeooeeeeooeoeee
4566 9000o 000oeooooo.ooo .ee.e.eoooeo.o...o..ooeoo.ooo.eo.oo.oeooeoeooCoe

4576 It THIS SUDROlITINE PRINTS OUT A SIX VARIABLE DATA TABLE ON THE .
4580 t* LINE PRINTER . 0

4660 SUD Print Ou%£(Xl(o),X2(e),X3(O).X4(e),XS'(),X4(.),oHprint)
£416 PRINTER I1 6
4620 PI.o4.ATN(I)
£432 PRINT CHNRS(12)
£440 PRINT
4456 PRINT
4466 PRINT eeoeoooeeto....oo....o.ooooo.....o.o..O.0o.o**C0eo..eeeC.oeoo*0llo

4676 PRINT *eo..oeooeoee ..oSEA SURFACE MODELING PARAMETERS .. eoooeeoe

£466 PRINT *..eeoee..eeeooeeeeeeeo.eeeee..eeeeeooe..eeee.eoe.eeeeooeoeeeeooee

4490 PRINT
4766 PRINT
4710 PRINT *Frequency Amplitude Phse Dearing Mavelength Volocl

4726 PRINT
4730 FOR 1.6 TO NjPrinl-I
4746 PRINT USING ForoatIgXICI ),X2(I),X3(I).II6/Pi.,X4(1)oIII/PtI,XS(I),XC(

I)

£756 Format-Is IAGE IX, DD.DDD,SX,D.DDE,X, SDDD.D,5XSDDD.DSXD. DDESXD*D
E
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4?46 NEXT I
?770 PRINT CHOS(12)

47*6 PRINTER IS I
4796 $UPEND

4610 SUIROUTINE VIDEO NOISE *e*.OdCl**Oe

4630 19 THIS SUSROU?!NE GENERATES GENUINE VIDEO GAME SOUND EFFECTS FOR*
4646 1* "ANY CYCLES AS YOU SPECIFY C

4040 $SU Vid*0 gaae(N cycles)
6670 IF m cYCl;S(1 THNr N-cycles*I
6000 FOR ZOO TO N cycles-I
6S9O FOR 106 TO 4
4690 FOR Jag0 To iS
4910 DEEP J*IUS,I/1US
6929 NEXT J1
6930 NEXT 1
6946 NEXT K
6956 $UPEND
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31 Aug 1907 20.44.41

1O66 *oeeooooeeeo*..*Oe4 oe4.e~e~e oeae***o~aaa~e4 S.*•D eeo0mQimaa ~ oe oea*oOeoo4O

1010 !oooeo..oooooo*oooa PROGRAM MAKE NAVES *oooooao4ooooCo4eOOO

1636 !o THIS PRPGRAM READS IN A SEA SURFACE MODEL FROM THE GIVEN DATA a
1046 It FILE RECONSTRUCTS IT AND PLOTS IT OH THE CRT ,

1060 COM /L49l19' Xlabel.I40),Ylab*l.t402,JoblsOC0
1670 CON /Navas/ Freq(512),Aup(SI2),Phaae(312),eSar(512), Lada(312),Speed($12)
1666 CON 'Colorsz Data color.Axi colorLabeo color
1906 CON /Answers/ X oPra(2O),Y ord(20S),Z coord(2SOS002
1106 DIM FiletlnSC4OI,Ftle@out$S4OI
1l1e RAD

1130 *4o**o.*eo* DEFINITIONS OF PROGRAM VARIABLES o.o.oee..
1146 Iooo4o40ooooooeooeO*.e**#Co4*eeeCoooooooeoo0B0Coe*I*G**lo

1150 PteU4eATN(1)
1166I Amp(o) W NAVE MOP'L PEAK AMPLITUDE
1170 Phase(*) WAVE NODaL TEMPORAL PHASE
I60 Bear,(*) I NAVE MODEL WAVE DIRECTION

t1194 Laada(o) I WAVE MODEL COMPONENT WAVELENGTH
1206 1 Speed") I WAVE MODEL COMPONENT VELOCITY .
1216 1 X ord(e I X SPATIAL COORDINATE OF SEA SURFACE.
1226 1 Y ord(o) Y SPATIAL COORDINATE OF SEA SURFACE.
12301 IH &eas N UMBUER OF WAVE COMPONENTS IN MODEL.
1240 Cro;sxlmH" I DISADLE Y ORDINATE CROSS CONTOURS.
1250 Redo2 I DEFINE RED PEN COLOR.
1260 Greeno4 I DEFINE GREEN PEN COLOR.
1270 Yellow*3 I DEFINE YELLOW PEN COLOR.
1266 Aqua*5 I DEFINE AGUA PEN COLOR
1290 2Iue*-6 DEFINE BLUE PEN COLOR.
1300 White*-I DEFINE WHITE PEN COLOR.
1316 Data color-Aqwa I DEFINE DATA SURFACE COLOR.
1320 La*bel coleotGreen I DEFINE LASEL COLOR.
1330 FxIS 7Q-lr-hit* ! DEFINE AXIS COLOR.
1340 Medtat-it,8-'SASlr/DATA FILE/'
1356 mcl:Ol_$ouV-e.ASIC/'MAV1IL'/"

:IS PRINT CmRS(I2)
I10s INPUT "Enter SPATIAL EXTENT of Simula&ion (Feet).. .',L _ax
liSO N w.NL &x

14E0 Y axel.-hax
1416 xTaboig-;- East "&VALI(Lum&x)L" Fee%'
1424 Y!azel$I.-) North "LVALS(L -ax)S" Feet"
1A30 INPUT 'Enter DIFFERENTIAL SPATIAL STEP SIZE (Feet).. .',Delta.x
144S INPUT *Enter TEMPORAL FREQUENCY LIMIT (Hertz) ... ",F max
1450 Deltar Emelta x
14 60 H pointolNT(L ax/Dolts x)
1470 Ieoeoetooaaoeeoee....eeaaee.e9
1480 14 DECIDE ON CROSS WATCHING SURFACE *

1500 IF H POint(40 THEN
1510 CroesasuY"
1520 ELSE
1530 Crossao-N"
1540 END IF

• I550O leeeeeeeoeooeee~e~eoeaeoeoaeoaoeee~eoeetaoaaaeleeeaa~e ea~eeee ~eae~eae
1560 Ieaoeeee SIZE DOWN ORDINATE VECTORS AND COORDINATE ARRAYS oeoeeeoe
1570 aeooeaeooooeeaeaeoa.e.eaeoe~oaeoooeeoeaaeeoee.aeaeaeaeaeoeoeeaee~eee

1506 REDIM X ord(N point-I),Y ord(N pollit-I),Z coord(H point-1,H point-I)
1590 INPUT 'Inter •ILENAME o- Sea Iurtfce Nodel (Omit Extenslon) ... ,FIiel
IO$6 FIle InfoFI1*06S NOD"
1616 CALL RtAdfl e6(FTli noteJobsNedl u.n$,NwaueFroq(*),Amp(*),Ph&**(*),3s

ar(*),L~ad&(o),Speed(o))
1420
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1630 1* COMPUTE TRUNCATED COMPONENT LENGTH e
1640 |
1650 N freq.INT(Fimax'rtq~ I))
1640 |.................l.............o....t

1?670 D**.o DTERINE SIMULATION OFFSET 000o
1606 •Ite**eolee*O**oeiete4*****e*4*OueoIlee

1696 Max wavewARX(Amp(O))
1700 FORIwS TO Npnlt-.1
1710 N @odTl)sI@D@lIax

1720 DEEP
1730 lisP "*RR OPERATION *;INT(I60*/Npotn%);" PERCENT COMPLETE II *1

1740 FOR J:O TO N point-I
1750 Y ord(J)iJiDeltay
1760 CALL Makewave(Xord(l),Y ord(J),6,NrfreqPie,Z wave)
1770 Z coord(IJ)wZ_v w
1766 NEXT J
1790 NEXT I
1800 Tilts3O
1610 |ieooooielooe.OOOiteeooooo&oooooolooieeoooeOOOOooooeoleo.

1126 9It.*o****t OFFER USER VIEWING OF SEA SURFACE *eeee..o.wo1630 i4•OOOOOooeeeoeoeoO~oeoooeooooeoleloo~eeeaOOteooeoeeooooe.

1040 WNILE Tilt(>0
lOse INPUT *Enter TILT ANGLE for 3-D Plot (Degre.s)... tEnter 0 to ESCAPE.Vp

Titt

166s IF Tilt()* THEN
1670 CALL Plot_3d(TilItPite3g50NpointCross$)
lose END IF
190 END WHILE1900 9 ieO4..*.O.OOOO404004*tiOOOOO.O.4.*.OO404000000

1910 9o..ootseo OFFER DISK STORAGE OPTION *Ooeoee
1920 0• OO o O.o o eo. e40oo00o000oe04
1930 INPUT 'STORE So& Surface on DISK ? (YeN)...*,AS
1940 IF A$R'Y" THEN
1950 FP I outs $SEA*&FI l$ES,?2V AL0(FeSx)>'. *&VALS(L&a&x)
1960 CALL Store array(File.out$,MtdiumouSNspoint)
1970 END IF
1960 GRAPHICS OFF
1990 CALL Vtdeo g9*@(1)
2000 D1SP e.....•ee.e .. OPERATION COMPLETE III
2010 END

6208 9•ee*ooeooo•eto•ooe•o~e•6e•oeeoo~eeooeo~oe~eooooeoeoe•eooe.oei•oeo~oeoeo

2636 !eooe..eoeoe eo eeoo SUBROUTINE MAKE WAVE *oO*O*OOIOO*O***9OOO*O2049 00000*o40000440000o00••4404000.O*900060400OOOeo40000*OOOU**ooeto*~o6000

2056 1. THIS SUBROUTINE GENERATES A SINGLE VERTICAL POINT ON A &
2060 to RECONSTRUCTED SEA SURFACE FOR THE GIVEN 'X" AND "Y, COORDINATE AND &
2076 1R A POINT IN TIME IT,

2090 SUB MN e wave(XYTNwaveeoPte, ue)
2166 COM /Waves/ Froq(512),Aep(512),Phi.¢(512),Bear(512),Laada(512),Speed(512)
2110 RAD
2120 Z wave-O
2130 FOR 1.O TO N -aveas-
2146 DolpPoduXeCOS(3ea,(I))*rc1ISI'(etar(l))
2156 Z ywue.Z wvueoAmpCI )eCOS(aPte*(DotjProd-Speed( I)*T)/Laamd(a )-Phase( 1))
2166 NEXT |
2176 SUNEND
21660 |eeeee~aoele9el~l•4e.ge#ef.eooeftee*.e#*.ee#*aloeeeeeleoeeeoeiJ~ttet~lee

2190 I eseo.eoe* . e.e.. SUBROUTINE PLOT 3D ***O******O409****O*O.
2260 9 eooeoeoeooaeeoeee..eo..eoetoe..eeoeoeoeo*.eaeoe#O*eeeoee•eie•oe~e~eoe**

2216 1* THIS SUBROUTINE is RESPINSIDLE FOR PLOTTING THE DATA SURFACE *
2226 '* GENERATED BY THE MAIN PROGRAM MAIN FRAME . IT PERMITS FOR THE #
2236 ! OPTIONS OF PLATE SIZE , AXIS TILT ANGLE AXIS COLOR AND SURFACE *
2246 '* COLOR .
2250
22690 US P1 etd(Th•tax,Nqrld,Cross$)
2270 CO z'Label.' Xl•.nW C492,YicbelSC4OIjobSCBSI
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2280 Con /colors" Data c~lorAxls cOlor9Lab*s)color
2:90 Con 'Attsw~vse N ord(200),Y-Ord(2SS ).Z~coard(200,200)
2366 CON *Plolllnk/ Xorlgin,Yorlgln,Left,Rlght,Pottos,Top
2 3,S Con /Scalwrf X wtnX ax,Y~min.Y~m~xZux
2320 DIM Wave waxsITS]
2330 P1*a4*AT;(1)
2340 PAD
2350 1550,59565*O@00O**50*O*O**@

2359 0 I#s*s*.* ESTADLISH DEFAULT PLOTTING PARAMETER&**''
2370 @ssesesssesses45eOsssseose5
2300 Left .0
2394 Rlghtu125
2400 lottomaO
2410 TopulZS
2420 SloposTANCThetax)
2430 Yorigln8(Rlgh%-L~f%)fSlopv
2440 Xoriginw(R1ght-L~ft )/2
2450 D~lat*xtw(Top-1attoa)'25
2450 D thetaePte'36
2470 Offsot .5
2400 K minwMIN( XordC#))
24$0 X .a~xwAX(X-r~)
2500 Y AinuNINC Yerd(t))
2510 Y nax.NAX(Y Ord(*))
2520 P-ak-max.MA;Qcoord(#))
2530 Trough Sax.NIHCZ.coord(*))
2540 WauI mast.( P*ak e%,c-Trquqh ax5
23550 Uave-.mx$S'axlmuo P*ak to Trough Depth Is AIIT1ea~a)1)

Feet"
2560 2Zoff.39wave-*ax
2570 Zea~x.3*s5a.,a~x
2500 ?ick.Z maxe50

26900O..esee INITIALIZE PLOTTER *.....

2620 GINIT 1.25
2630 %'*1R, tRght,DOttom,Top
2640 WVNINDoftLeL'f%,mrqtgh BPottom, Top
2650 GRAPHICS ON
2660 PEN Frame color
2670 FRAME
2600 CutZE 2.5t.75
2690 PINUP
2700 6 e~e.s~ee.4~.....
2710 D5555*5 RAW AXES *asess
2720 I0*5@***5*45554555

2730 PEN Axis-color
2740 M4OVE XoriginPottom
2750 DRAW Rlgltt.Xorigin*$lopw
2760 DRAW Xorlql1nYortlan
2770 DRAW Laf%,Vorigin-Xorigtn#Slop@
2766 DRAW Xorigin,Bottom
279S PINUP
2060 MOVE Xorigin,Yorigin
20141 PEN Axis color
2020 DRAW xorT91n,Top
2030 PINUP

2040 PEN0

2060 Issee~~eLAPEL ORDINATE AXES *.ee.aa.

2090 YStxwtuottOm*Yorigin/4
2960 CALL Label 9t(X~eto Yx%,Y4xt-h~tax*IDtetaLab*3~col~rpXlab5I5)
2916 Ytwmtwv0%tOm.+Dqlatewt
2920 XtwxtsXorigln+*Dlta~x%
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2930 CALL Labeli~t XextvY%#x% 9Thotax-D1110 as~ aLabel COlortYlab#lS)

2950 o~........PLOT SURFACE DATA .e*4.. .e.

h 2960 If******* PLOT Y-ORDINATE CONTOUR LINES 0*.e....
2990 6 ............ e....e.o..
2000 PINUP-
3010 FOR 1n.0TO Hgvrid-I
3202 PEN Data color,
me3 Foe ije To Ngpid-i
3646 CALL Sca)er(X-ora(1),Y~oed(J),Z-Coor~d(I,J).Z-ofE,SIOPe,XPIOt,YP2,t)
3050 PLOT Xplo%,Ypiot
3060 NEXT J
3070 PINUP
3906 NEXT
3090 PINUP

3110 "44.PLOT X ORDINATE CONTOUR LINES #0004...e
3!20
3130 IF Croos$*Yl THEN
3140 FOR 3-0 TO Ngr id-I
3150 PEN D14to color
3160 FOR 1.6 TO Ngrld-I
3106 CALL ScaIer(X ord(l 1)Y orddJ),9Z coord(I p J)+.OffESIop..XPiOttYPI0

3196 PLOT XpIO%.YPIO%
3190 NEXT I
3200 PENUP
3210 NEXTJ
3220 END IF
3230 6 .e'..................
3240 @000400* ENTITLE PLOT OF SEA SURFACE *o0*
3250 e'....................
3260 CSIZE 2.3,.7S
3270 CALL LabelittLeft*STop-5.,SLabo.lcolorJobb)
3266 CALL Labellt(Left*39Top-9,0.2,Ma~,.bajcS)
3290 INPUT 'Nit RETURN to CONTINUE A
3380 GRAPNICS OFF
3316 SUSEND

333* oo**e9eo*o** SUPROUTINE SCALER **..0..**.*...
3340
3358 1. THIS SUIROUTINE IS RESPONSIPLE FOR CONVERTINZ THE THREE DIMENSIONAL *
3360 10 DATA POINTS -X' , -Y' AND -Z- INTO TNE TWO DIMENSIONAL DATA POINTS 0
3370 It 'Xplot' AND 'Yplot'.

3390 $SU Scalee(X,Y,ZSlopv,XpIot,Yplo%)
3490 COM /Plotli rk/ Xorigin, Yoguin,Left, Right, lostom, Top
3410 CON /Scaler' Xu lnX maxqY mm*Y.Ymax,Z Sax
3420 XplO1.Xorlqln*TI-1X-X olrn'(X max-N 9,YY. .)(mxYi
3430 YplotsYortgin4'.Top-(RTght-L~f)900*ZZOX-Xrgnsoocxxft -)

/(X sp.).(Z'2max)Xortgine)/op-e((X-X hi..
3;40;;UIEND -

346f ee*eoo..e.. SUPROUTINE LADELIT *.4..e..e*o*...

3460 it THIS SUBROUTINE SIMPLY ACCEPTS THE GIVEN LABEL AND PLACES IT WHERE 0
3496 to IT IS SPECIFIED (if X,Y LOCATION) AT THE GIVEI: TILT ANGLE . THE PEN *
3566 it COLOR 'Penc' IS ALSO PROVIDED BY THE USER THIS SAVE$ A LOT OF 0
3526 it REPETITIVE CODE

3536 U Labl I t(NY,Til ltPenctrn9$)
3546 PEN Up
3556 move N,Y

3560 PEN Penc
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3570 LDIR lilt
350 LABEL Strngs
35$0 PEC Up

1:60 SUIEND
361
3620 4e* *e .......o.o...... SUIROUTI!,£ READFILE6 *e*eeOeee*eoee*oe4*e4

J660 ! . THIS SUBROUTINE PEADS SIX DATA VECTORS FROM A DATA FILE AND .
36138• 1 OOTS THEM BACK TO THE MAINFRAME PROGRAM * C
3643 !eeoeo@*4o40t*C#teo*4oe*oC*oeO**eeoe4*oot**04eo9,o,*#44C4e******4,eeOC4

3676 SUB Readfilq6(NauaS,JObSMedtumS,HNd&atXl(*),X2(t),X3(o),X4(*),X5(O),X4(
0))

3609 DIM Ffle naaes(402
3690 ' eoC oeete eooe.eeee*.oeeoo eo. ee.. eee44*.o..eee
3766 •l...............o.. DEFINITION OF VARIABLES o
3710 .etee.ee.e.... eee... eeee.'..e.*. ee.... eBeeeoee.eoo.o.oeCe
372 S am*es NAME OF SERIAL FILE CREATED TO RECEIVE DATA

3738 o Jobs $ DESCRIPTIVE JOB LABEL OF CONTAINED DATA
3740 : Modtu:S ADDRESS OF MASS STORAGE MEDIUM
3750 ! N ditt I NUM9ER OF DATA ELEMENTS IN EACH VECTOR
3760 !C4*406**elO*e*e@,**,.cseeeooe@O**4,4*O*,Oe4,@9@eeee4eeeeet**O*

3?76 !i#ee...f.eooe.e..eeaeeeeeooeee~eeo
37760 ~*S***C444*e9@4*3706 If* ESTABLISH COMPLETE FILENAME 00
3790 9 e~•,eeeeelteeeee
391: IF fM~d~u,%$-;;!TERHAL" THEN

3829 ELSE

3046 END IF
3050 lo~leeeeeee...*ecI.*eeee~ee,'le**.e

3080 1ASSI01 BUFFER 1/0 PFAH TO FILE e

3606 ASSIGN @P&th I TO File naa$
3690 *oe~tlee~~ee~etlee

3900 !eeeeee. READ JOB LABEL Cehe...e'
3916 !eeeeeeCeOeeCee.e.eeOeeteCeCee.eeC

3&20 ENTER @Path l|Jobs
3936 0eeeeeee~eeeeee*eeeeeeeeeee
3946 t*c** READ NUMBER OF ELEMENTS seC
3956 0 eoeooee~eeeoet'eeeeeeleee
3960 ENTER *Path _IN data
3970 .ee..eeeoeo .e.oe*eee..
3906 1#0 CORRECTLY SIZE DATA VECTOR coo
3990 Ieeeeee oee,**ooeeee*ee
4060 REDIM XI(N data-1),Xý..ldata-I),X3(_datis-l)
4016 REDIM X4(H-data-1),Xt5Hdata-l),XE(lld&ta-1)

S.)4620 Ooeo.ec.e..oee~ee~eoee..oeoeoe..ooo

4636 !*cooee. READ DATA VECTORS *to****
1114C48 !eeeoeelelveeelee

4856 ENTER *Patn llXl(e),X2<C),X3(C>.X4(C),XS(4),X6(I)
* 664008!t-.eeeeOlee ee.O.o eeeeae**ae~ieel

4070 1seots CLOSE FILE AND NUFFFR stee.

4690 ASSIGN @P&th I TO *
4100 SUDEND
4110 I e*4**l*O.4@CC*.Cle.iCt&t*C*C.SO4**et*4COCtt9*C*CtttlleOtqilt9CCttlCti

4126 IO#* O --4*e*C*C4*4 SUBROUTINE STORE ARRAY oie..*.e*..cOOcee..*.4136 I****C*****4o4*4C*4**e****Ceol*Gtoleo4t~ttOlelt O4tle0t*lie*A*t**Ot*t

4140 If THIS SUBROUTINE STORES THE EA SLURFACE ARRAY ALONG WITH ITS 4
4156 *0 TWO ORDINATE VECTORS .

4176 SUB Sor* airry(rn i q n•auSMdiumSH daa)Z186 COn /'Ana;rse X o,-d(29)6,Y ord(20o),Z~coord(200,20O)
4190 COM 'Labels' XlabehiC49),YlabelS403,Job$[803
4260
4210 '......... DETERMINE COMPLETE FILENAME cC..ees•
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4226 |ooeoo eee.eooeoeeoeoeoooo.e4eoe..o
4230 IF NediumSe'SINTERNAL THEN
4240 Flile neaeSeFll*-nam*$&KdiuS
4250 ELSE
4260 Pil naaelwAed~umU&FI ene$
4270 END IF .
4200 File st2eOIHT((H d&ta-2*2MN data)/9)
4290 9 Gooeo4eoee****.ooooiese4e4e

4360 1* CREATE DATA PILE FOR STORAGE *
4310 eooeeeveoeeeeeeo

4320 CREATE SlAT Ftle narS,F t stze
4330 *o4oeoeee04*eGo4 ooo*oo
4340 6e*e OPEN CNANNEL TO I/O PATH *oo

4360 ASSIGN OPath I TO il'e neset4270 leoeeeCte*•*eetoCC..oe.C04i.o4*,e

4300 1e STORE VECTOR AND PARRAY SIZE *.
4390 9 ee qee ee ee oee e .oe ee o .*ee e ee
4406 OUTPUT SPat IINdaa
4410 04 *o 9ee **e.oe .oo e .o .o e .. a...
4420 9.e.eeee STORE JO. LADELS **eee.e
4436 te .eeoee..o.eeoe...........ee

4440 OUTPUT OPath llJobs4450 OUTPUT :Path--IlXlabeI$,YIldbel9
4460 oeeeoeoeeeeeeeoe

4470 1#** STORE ORDINATE YECTO*$9 e

44 REDIM X ordN(H da -1),Y oad(H date-1)
4500 OUTPUT IP&thlIXord(*).Yord( )
4510

4520 le#* STORE Z COORDINATE ARRAY *ee
4538 eteeeeeeeeoeeeeo

4549 FOR 1.0 TC H data-I
4550 FOR JOS T5 N data-i

4540 OUTPUT *PathljZ_cootd(IJ)
4570 NEXT J
4560 NEXT 1
4599 eooe~eoeeeo•eoee

4600 If* CLOSE CHANNEL TO DATA FILE *e
4610 9.e**e .eo*oe.*eoeeeoeoeo..
4420 ASSIGN @Path I TO *

4430 SUDEND

4650 9ooee .eo .... ee.oee .... SUIROUTIHE VIDEO NOISE *eo e eee.o.e@ et ee4440 9 eeeeoeo.**e.,eeo.ee..*o~eeoeeeee~e..o.eoeeeeoeoe~eoee...eeeaooeoeeoeeeo*

4470 to THIS SUSROUTIHE GENERAES GENUINE YIDEO GAME SOUND EFFECTS FOR .
4600 1* MANY CYCLES AS YOU SPECIFY •
4490 9 e*oeeoveee..ee4.... ooeeo*..ee.eoeo~ee..oeeoeee*eee'oo.oooe~eeaeoaeeo.e.

4760 SUD Video gaueCN cycles)
4716 IF Ncycles(1 TMiN N¢cycl.R.
4720 FOR King TO Ncycles-1
4730 FOR 1o6 TO 4
4740 FOR !o0 TO IS
4750 DEEP JtlOO.i/106
4740 NEXT J
4770 NEXT I
4e60 NEXT K
4790 SUDEND
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31 Aug 196? 26.454io?

166I ... ee....o.. PROGRAM SEE-SPEC **.*.e...*O* off,

1636 0msPRMROSI RQEC SPECTRUM AND PERMITS THE*
1640 09 USER TO PLOT AND EXAMINHE IT
1050 !*of*** **0900440 0*0000**..e. ..5.a.e.**.*.ae*.e 0
1046 DIM Frepuevncl(4094) ,Magni tude(4069) ,Phas.(4094)
1070 DIR Natec 6C4, Radius$( 263,Jobs( 663

106 I e~ee...00000......... ..... .................e...o....

1090I...... ...................DF.TO FLOA AISE ................

1120 PTOu.TNI
1130 Medium~wuSASIC/DATA FILE/*
1146 P...cw2

1140 PRINT CHRS(12)
1170 INPUT *Inter FILENAME of SOURCE Data File ... ,NaaeS
11160 INPUT 'Enter FREQUENCY LIMIT on Seectrus (Her%*) ... *,Fmaa

1266 100e0e9e.. COMPUTE TIME 9ASE VECTOR .a*004..0

1226 CALL N adf l3(Naas $JobS, IduS,N~po ntFruec)Mantde.Pa

is1266PRN oeeobS~e~e*eoe.*aeeeeeee
1296 REI Flita uenc(F sa/Fait-1y~),M)tu.lI*-)Pa.N ulI

13266NX
1320 1* CONVERT AnTATO OUIE RASFR SAL

125 NU N toRtr to CNIU . . .....

1310 PRINT adT)Mqiud~)Tsal

1466 INPUT 'His Return o COTIU ... *.A

1420 PINPT'ITCNRETURN

1436 END

1450 #4 4 404 0*C * 4 4*E* S ;UIRUTNE READFILE3 t t t to # # eeeO~e

- 1476 *. TH~~~~~~~~~~~IS SUSROUTINERASTAEDTVCTPSFODIKSRAE F*

1466 40 EQUAL LENGTH AND DOOTS THEM INTO TNE DUMMY VEICTORS X(e),Y(*),Z(#).*

1966 SU Read i eNa.soJobiedu.,dae)Y)Ze)

1510 DIM1 Vile naa.SI403

1536 ...eee..ee~e~eeDEINIIYION Of VARIABLES eeeee*ee,

1559 ae NAME OF SERIAL FILE COEATED TO RECEIVE DIATA
* 154 9 sbS DESCRIPTIVE JOB LA4961 Of CONTAINED DATA

IS?@ Mediu&S IADDRESS OF MASS STiACE MEDIUM
1IS6@ N data I NUMDER OF DATA oiLIEMNS IN EACH VECTOR
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1616 f ASSIGN BUFFER 1/O PATH TO FILE 0
1626 lcooeooeeoooececeocooooeececeeeo
1636 IF ModiuaSe'tINTERHAL" THEN
1640 File natoSsoutclMediumS
1656 ELSE
1660 File n&&oe~mMdiuu8LNaeg
1670 END IF
1666 ASSIGN *Path I TO File names
1696 00 *oeo,,,*Oc;c,,.O*O**0********oe

1700 eoo***e. lEAD JO LABEL c***c
1710 ;cooooooeoooe...o.eeeoooo.oeoeoo*

1720 ENTER $PathllJobS
1736 ioo***ccc*c**c**c*o.cc*o c*ceeoc
1746 !..* ENTER NUMBER OF ELEMENTS ooec
1756 0c*.oeoecet.eceoosooeo.oooeoo.oeoo

1760 ENTER SPath_1;N dat&
1776 ioeooooeooooooooeeoo.oooo*...ooooo

1756 19e CORRECTLY SiZE DATA VECTOR #to
1796 iooeeoeooeoeooeoooooeoeeeooccc*c**

1606 REDIM XCN dalt-I),Y(N data-I).Z(N data-I)
1016 00ooooooooo.oooeoooooeoooooeec

12O 1-9000e READ DATA ARRAY o000o*o*
1626 I**ccceoooeoeoceoeoeooooooetcooo

1646 ENTER gP&th IjX(*),Y(*),Z(*)
1656 lccc..o~e..ooeeooccecoooooe*cccc*e

10*0 1oess* CLOSE FILE AND DUFFER *c*co
1676 ioooeoooooeeotoo**coocco.ecoccccc.

OIM ASSIGN OPath I TO 0
1090 MUIEND
1906 togccoccccccceoocco~ccccococccoocccccccOcecccoccccccccoo*.cccoecccccl*c

1916 SUBROUTINE PLOT FILE ocooooooooooccooooo.oocooo
1926 *.ooccccccococcc~c.olooc0000.ccoo*ccece..ooccoocco*00c0ooeocolcccoco*cco

1920 9o THIS SUBROUTINE ACCEPTS TWO DATA VECTORS AND PLOTS ONE VERSUS c
1940 It THE OTHER . THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN •
1950 to VECTORS AND THE DESIRED PLOTTING COLOR • SCALING AND AXIS ARE AUTO-*
1966 to MATICALLY PROVIDED BY THIS SUBROUTINE • *
19760 ccccooccooeccooccocoociococcocoooctcoccoecoco**ccooeoco.,oecc**t*c*

1960 SUD Plot ftle(Xdata(e),Ydata(o),NplotXotnmXaouYoinoYmxPenceNeuS)
1990 CON /Plot block/ XscoloY6call.XoNfset,Yoffswt

2016 io0oo*eoeooooce DEFINTITION OF LOCAL VARIABLES **socsos*

2630 9 Xdata(o) AISCISSA DATA VECTOR TO IE PLOTTED
2040 9 Ydatc(*) I ORDINATE DATA VECTOR TO 89 PLOTTED
2060 9 Nplot I NUnDER OF DATA POINTS IN VICTORS .
2060 6 Kin I SMALLEST ELEMENT IN Xdata(o) VICTOR
2676 f Xseo LARGEST ELEMENT IN Xdat&(*) VECTOR
2000 1 Yin ISMALLEST ELEHENT IN Ydata(*) VECTOR
2696 f Ybax I LARGEST ELEMENT IN Ydatac() VECTOR
2166 1 Penc I DESIRED COLOR CODE OF PLOTTING COLOR
2110 Ne1e I ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
2120 Mhitol I DEFINE THE COLOR CODE FOR WHITE
2126 A tolorelhito I SET AXIS COLOR UNITE
214* XTefo I DEFINE LEFT OF SCREEN (Plotter Units)
2150 Xr1l-2S IDEFINE X AXIS RAIL (Plotter Units)
2160 Xcentorwu4 X COORD CENTER SCREEN (Plotter Units)
21?0 Xreihtel2 DEFINE RIGHT SCREEN (Plotteo Units)
2160 Ybottomu6 DEFINE LOWER SCREEN (Plotter Units)
2190 Yraitleld DEFINE V EXIS RAIL (Plotter Units)
2200 Ycenterm40 I Y COORDCENTER SCREEN (Plotter Units)
2210 Ytope96 I DEFINE TOP Of SCREEN (Plotter Units)
2220 1 Xdenom I DENOMINATOR OF X PLOTTING SCALE FACTOR
2232 1 Ydenom I DENOMINATOR OF Y PLOTTING SCALE FACTOR
2240 00oee00o*****ooooo.ooeoeoooeeoeeeeec.ccooOo*o*o9o0
2250 ooeeooeeeooeeeooeeoooeeoooeeee eooec
2260 1s0 CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED c

126



NWC TP 6842

2278 e~9o*~*ooo~e*ooo*e*~ee
2206 If N~wS*Y* THENp
2296 GINIT 1.5
2306 GRAPHICS ON
2316 PIN Whitte
2326 V1ENPORT Xl~f%.,XP~qft%,Ybofitom,Y%op
2330 FRANC
2340 IO4****OOe9*9****
2350 10 DRAW PROP92RAXES FOR PLOTTING0

2370 IF Xmin(S THIN
2366 IF Ybjn(S THEN 0o*00**000***O0
2396 XoffseseXcentor it FOUR OURD AXES DRAWN HIRE 0
2460 Y@ffs~tuYcenser 000O*0000000000
2416 X-donoauXma~
2426 Y donosoftsx
2430 CALL Axis drawu of. Yaffe*%.XIght ,Yoff:gStA color. -XaX.Xoax)
2440 CALL Axis draw(Xgtfs4.tYbotlom,Xeff*Se~,YtoA Color, -Ysm ,YaxVg )
2456 ELSE 0 ý*
2446 xoEE6*etXcqntqe I* *e'- X TYPE AXIS DRAWN Nang
2470 Yoff~s&%wyr& I
2460 X-denoauXwaX
2490 Y denem.Ymam-Y&In
2500 CALL Axis d.rawXlott.YofPsesXeight,Yof,,s tA color,-Xaam,Xs&x)
2510 CALL Axis 8draw(Xotfs.t.Ybotsoa.Xotfs.,,,Y":@PA c@IorYetn,Ybax)
2526 END if
2536 ELSE
2540 IF, Ysin(o THENeO9o*04**0000000
2$550 XoffsewXraI1 to #e- Y TYPE AXIS DRAWN HERE 0
2940 Yoffsoe.Yconlior e*....****4*****

2570X-deno&*Xra~x-XSI n
2560 Y donomaYrnax-Ysiv
2596 CALL Axis-dr w(Xofs*SYoffso%*Xrigh%,Yoftst%,A cot or0X&InXm~x)
2646 CALL Axis dr~w(Xoffst, Ybo too, Xoffit, Y, op. Ac; oro, Yman t.Y0&x)

2490 END29

2164 Ysca ff(eseht-otfseto X me
2720 ¶scsl onYo-YEsefta)-fino

2720 END iF
2700 CH6 I
2710 I AtA VECOXrS PL-OTTsED 3_ýEnOm
2746 Y90l0..eoe.0...................
2770 PND IP

2760 CALL ScaI~r(Xdata(0),Ydata(6),X.inXUNx,YeingYUAx,Xpit ,Ypigot)
2796 PEN Penc
2600 MOVE K, plotYplot
20111 FOR lei TO Np 0%-I
2620 CALL Sca1ei(Xdats I),Ydata(I ),Xmtn,XnAP n,Ymax,Xplo%,Yplot)

2036 DRAW Xjulo%,Y~plos
2040 NEXT1
2050 MINED

2070 I............SUIROUTIN! AXIS-DRAW **0e000000000

29201
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936 SD Au.dra(s KAart vystart,X I nal ,Yfinal Axisca Ilor, AainM.mi)
2946 P@4ATN
2930 Deitoel
3,66 PINUP
2976 PENm Axis colee
3966 PINWUP
3996 MOVIE xstartYetart
3666 NRAM XcinaI.YtiftaI
3616 PINMUP
3626 CSIZE 3.0,.3
3630 CALL Rounftr(As~,,0
3404 CALL RovindorCA .ax,3,AI)
3656 If Cs aetUXinil THEN
3060 CALL Labe I it (XC1art -Delta,. Vters. P10/2, Axi Sco1...YALS(Af))
3676 CALL LabelI it(KW nal -Del ta.Ytinal -200#1ta.Pti*2, Axi s~col o,VAL$(A1'
3066 ELSE
3096 CALL LabelI i t(Xet art, Yotar-DeltaOAxa or.eVALS(As))
3100O CALL Label 't(xfina1-2*D*I9aYstaat-Delta,@.Axts~color,VALS(AI))I~i3116 END IF
3126 SUDIEND

310MOVPEIIE CODY

32276 PINUP

LA9PIEL Sten96

33060 TI SUBROUTINE SCALE R H AAPSE OITFRCYPOTN

23360 It PURPOSES *

3356 SUB Scalor(X~data.Y~data,Xmtn.Nma~x.yalnyoax.Nplot.Y~plot)

3450**o 9000000000.e.e.~~~ee~ae **9004*0*0OOO~eO**e
3446 SUIPUIN ROUN~Xipu Nigt,~o d DER

2430 It N pTH IS INBRUTINMER ACETO AE NOUMBER FAYSZ RSG N

3440 It ROND 1it TO NTHER OPECIFIED HPDISPLAYEDICFTERON

3436 SU fon drX1pSN iq%. rounded)*RUDDEUVAETO nu

3546S 9 S1 g 9FINUEIT OfLCAL PO ARITY LOF 00000006NUM3ER

255 1 -I M n utt d I R E P M G I U E O INPUT NUNSEtoR9'R UN 6

25460 Manitissa IMANTISSA Of NUMBER UNDER ROUNDINGP3576 9 ARGUMENT I ABBREVIATED VERSION OF MANTISSA.

3590 IF X tnputW6 rHEN

366 M;*nJudo-INTTLGT(X dummy))
3646 MantiassmX dumeyý0(1UN.49nitudo)
3656 ApgumentsaiT (Man& Is&* aI0^(N dgti)1'(dgt1

3666 X roundedUti gneAvgu~entoIO-Raqnl tude

2466 N rounded.NiInpwt
3696 END IF
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